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Introduction
Assessment of channel condition is one of the most difficult aspects of water-
shed analysis.  This difficulty arises, in part, because channels are complex,
dynamic systems.  The channel assessment procedure presented here pro-
vides a framework for objectively assessing both past changes in channel
morphology and processes and current channel conditions throughout a wa-
tershed.  Although this procedure was developed for channels in the Pacific
Northwest, the process orientation makes the general approach transferable
to other regions with minimum modification.

Channels are defined by the transport of water and sediment confined be-
tween identifiable banks (Montgomery and Dietrich, 1989; Dietrich and
Dunne, 1993).  In spite of this basic similarity, there are many types of natu-
ral stream channels, reflecting spatial differences in channel processes, his-
torical disturbance, lithologic and structural controls, and geologic history
(e.g., Paustain et al., 1983; Rosgen, 1985;  Frissel et al., 1986;  Cupp, 1989;
Montgomery and Buffington, 1993).  Channel morphology reflects and inte-
grates processes operating in a watershed because material eroded from
hillslopes ultimately is delivered to and routed through the channel network.
Consequently, channel condition provides a logical metric for diagnosing
watershed conditions.  Channel assessment would be impractical, however,
were all channels unique in their potential response to disturbance or
changes in watershed processes.  Thus, a fundamental tenet of applying
watershed analysis to stream channel assessment is that patterns in channel
morphology and processes may be used to simplify the wide variety of natural
channels into a manageable analysis framework.

Channel morphology and condition reflect the input of sediment, water, and
wood to the channel, relative to the ability of the channel to either transport
or store these inputs (Sullivan et al., 1987).  Systematic and local differences
in transport capacity and the nature and magnitude of inputs through a
channel network result in a distribution of different channel types throughout
a channel network, reflecting spatial differences in channel slope, flow depth,
sediment supply, and the availability of large woody debris.  Because of these
differences, certain channels are more or less sensitive to similar changes in
these input factors.  Identification of differences in channel processes and
sensitivity is a major goal of the channel assessment component of a water-
shed analysis.

The channel assessment method developed in this module stratifies the chan-
nel network to guide analysis and interpretation of channel condition and
response potential.  The different channel types so identified provide a coarse
stratification of the channel network into reaches with similar channel-form-
ing processes.  Within each channel type, qualitative assessments of various
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indicators of channel history, transport capacity, and sediment supply pro-
vide for a more detailed diagnosis of channel condition and guide determina-
tion of major processes controlling channel morphology and habitat structure
throughout the channel network.  The assessment divides the channel net-
work into segments that define areas of the network that respond to distur-
bance in a similar fashion based on similarities in channel-forming processes.
This allows assessment of channel conditions on a watershed basis and pro-
vides a context for evaluating the influence of changes in land management
on channel conditions and processes.

Critical Questions
The purpose of the channel assessment module is to guide development of
information necessary to address several key questions critical to understand-
ing channel processes and conditions in a watershed context:

What is the spatial distribution of channel response types?

Is there evidence of channel change from historic conditions?

What do existing channel conditions indicate about past and present
active geomorphic processes?

What are the likely responses of channel reaches to potential changes
in input factors?

What are the dominant channel- and habitat-forming processes in
different parts of the channel network?

Answering these key questions relies on a combination of map, aerial photo,
and field work.  They may be answered at many levels of confidence and
detail.  The module developed here is designed to generate sufficient informa-
tion to introduce sound information into forest land use decision making.

Assumptions
A number of fundamental assumptions underlie the approach developed here.
The most fundamental requirement is that the analysis is based on the best
available scientific information and techniques.  Thus, the module analysis
methods themselves are designed to change as newer methods are developed.
The underlying assumptions and analysis framework, on the other hand, are
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not.  Rather, these assumptions dictate a rigorous, yet flexible, framework for
the analysis.  Our primary assumptions include:

� Major changes in channel morphology are caused by changes in discharge,
sediment supply, and vegetation influencing the channel (e.g., riparian
and large woody debris).

� We can meaningfully simplify (classify) the complex array of natural
channels.

� There is enough pattern in channel conditions to allow diagnosis of cur-
rent conditions.

� The style and magnitude of potential response to input changes can be
recognized.

An Overview of the
Assessment and Products

The stream channel assessment is conducted using maps, aerial photographs
and field observations.  Based on this information, the analyst interprets
stream processes relative to the critical questions for the watershed as a
whole and for sub-areas within it.  Watershed analysis requires the stream
channel analyst to develop information to address each critical question.  The
method developed in this manual describes the standard channel assessment.

A series of exercises designed to either confidently answer the key questions,
or identify more detailed information necessary to do so, is developed in the
module.  The objective of these exercises is to generate information sufficient
to establish:

� Channel segments likely to respond similarly to changes in the input fac-
tors (water, sediment, wood).

� Historical changes in channel morphology to identify past and continuing
natural and management-related impacts.

� The current channel condition indicating the status of present regimes of
input factors.
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� The likely future response of channels with and without potential changes
in input factors, given the nature of the channel and its present condition
(channel sensitivity).

� Interpretation of the habitat-forming processes dependent on the geomor-
phic processes controlling channel morphology.  The influence of channel
processes on habitat attributes identified as important for fish or other
aquatic organisms.

Each of these objectives is an integral component of the stream channel as-
sessment.  Together, these questions and objectives provide the foundation
for assessing contemporary channel conditions and interpreting potential
channel response.  Only in smaller watersheds are channel form and domi-
nant processes likely to be uniform throughout the basin.  An important
element of the assessment is to stratify the watershed into areas of similar
condition and response, ultimately relating channel form and process to the
terrain, geology, and disturbance history of the locale.

Products from the analysis consist of maps, interim worksheets, and narra-
tive provided by the analyst.  Interim work products captured on forms pre-
serve the trail of information, observations, and logic used by the analyst in
developing interpretations.  These work products are easy to follow for review
purposes, and importantly, make data available for monitoring hypotheses
through future years as well as provide a data base against which to evaluate
new assessment techniques.  Narrative summaries are necessary for commu-
nication of results, but because of time limitations, they are intended to be
short and focused.  The analysis is expected to provide at a minimum the
products listed in Table E-1.

The analysis consists of a series of steps that successively build the frame-
work for assessing past, current, and potential future channel conditions.
First, the analyst uses topographic maps to provide a general stratification of
channel segments according to channel gradient and confinement.  Each
segment in the watershed is numbered on the channel segment map (Map  E-
1).  Segment numbers are entered onto the channel segment worksheet (Form
E-1) for easy reference of the distribution of segment types in the watershed
and the probable response potential to changes in watershed processes and
input factors. At sometime early on in the analysis, it is useful to do a  one
day reconnaissance survey of the watershed to verify gradient/confinement
calls.

Next the analyst examines a series of historical aerial photographs to confirm
channel confinement categorizations and to document past macroscopic chan-
nel changes such as changes in channel pattern and riparian canopy openings
due to debris-flow scour or flooding.  Remotely sensed data from each seg-
ment is recorded both on the channel disturbance worksheet (Form E-2) and
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Table E-1.  Products of the Stream Channel Assessment

Critical Question Information Used Product

Distribution of
Response Segments

• Topographic Maps • Channel segment map
   (Map E-1)

• Channel segment worksheet
   (Label Form E-1)

Evidence of Historic Change • Aerial Photographs

• Anecdotal Information

• Channel disturbance
   worksheet (Label form E-2)

• Narrative summarizing
   historic watershed riparian
   width pattern

Current Channel Condition • Field Observations • Site selection rationale
   (Form E-3)

• Field forms (Label form E-4)

• Segment diagnostic
   worksheet (Label form E-5)

Channel Sensitivity to
Changes in Input Factors

• All of the above • Geomorphic unit map
   (Map E-2)

• Geomorphic unit worksheet
   (Label form E-6)

• Narrative describing
   dominant geomorphic
   processes and condition

Habitat-forming Processes • Field Observations and
   Channel Sensitivity
   Worksheet

• Narrative describing
   habitat-forming processes by
   geomorphic unit
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in a narrative describing the overall history of the watershed as revealed by
the aerial photographs.

Based on these preliminary analyses, the analyst selects representative
channel segments for field inspection.  (Field site selection rationale is re-
corded on Form E-3).  At selected sites, the analyst makes qualitative and
quantitative observations to assess channel conditions for interpretation of
channel-and habitat-forming processes.  These include features of the stre-
ambed, the active channel and the flood plain.  Field observations can be
recorded on the channel assessment field data forms (Form E-4).

Once representative stream segments have been observed for streambed,
active channel, and flood plain attributes, the analyst must interpret the
channel-forming processes influencing both channel and habitat features
using their experience and some guidance provided in this manual.  Typi-
cally, a series of characteristics provides a reasonable indication of the cur-
rent relations between sediment supply, transport capacity and flow obstruc-
tions governing channel processes and morphology.  Additional features may
indicate the occurrence of past changes in these regimes or the occurrence of
catastrophic events such as dam-break floods or debris flows.  In turn, the
watershed, valley and channel conditions determine the availability of key
habitat features for fish or other aquatic life.  Conditions and observations
regarding the channel- and habitat-forming processes for each segment vis-
ited in the field are summarized on the channel segment summary worksheet
(Form E-5).

Since only a limited number of segments can be visited, the analysis will need
to extrapolate the results from the channel segments sampled to the remain-
der of the segments in the watershed. The analyst classifies which stream
segments look, behave, and respond to changes in input factors in a similar
fashion.  Data from field verified segments is then extrapolated to the entire
grouping of segments. Extrapolation results and key information used in the
determination is then summarized.

The next step is to interpret dominant channel- and habitat-forming pro-
cesses, and determine segment sensitivity to each input factor.  The analyst
associates segments with similar responses with the watershed processes and
characteristics that influence them.  Typically, there will be an association of
channel form with landforms, geology, and so on.  The analyst will need to
use all the information available including terrain, segment maps, field obser-
vations, and aerial photographic data to interpret geomorphic units, which
delineate areas into similar governing processes and sensitivities to change.
Clustering segments in this fashion will facilitate integration of results with
other module results to develop a watershed-scale interpretation of the link-
age between hillslope and channel processes during the synthesis phase of
watershed analysis.  The geomorphic units generated through this interpreta-
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tion are delineated onto a geomorphic unit map (Map E-2).  Based on the
interpretation of dominant channel-forming processes, the analyst provides
an assessment of channel sensitivities to future changes in input factors.
Interpretations are recorded on the Geomorphic Unit Worksheet (Form E-6)
and summarized in narrative form.

The channel analyst also discusses how channel-forming processes operating
in each area are likely to determine the availability of key habitat qualities.
Based on concerns raised by the fish module analysts regarding factors such
as the qualities of spawning and rearing habitat in areas of particular inter-
est in a watershed because of species use and critical habitat needs, the chan-
nel analyst provides a narrative describing how channel processes in those
locations currently or potentially influence the factors specifically related to
fisheries or other resource concerns identified in the other watershed analysis
modules.

Qualifications
Channel assessment depends on highly-qualified individuals to interpret
channel morphology and conditions.  Channel assessment is a complicated
undertaking that relies on both qualitative assessment of subtle differences
in channel features and solid theoretical background in fluvial geomorphol-
ogy.  Certain skills, training, and experience are necessary for effectively
implementing the standard channel assessment module.  Level 2 analyses
presuppose a higher level of training and ability to independently develop and
implement relevant analyses to address issues and observations not satisfac-
torily explained by the standard analysis.  While there are many possible
backgrounds that could provide the foundation necessary for applying this
module, the following criteria provide minimum expectations for the back-
ground of those performing the channel assessment module:

Skills:   Level 1
Knowledge of the processes active in stream channels in forested and moun-
tainous terrain and the ability to recognize and interpret hydraulic and geo-
morphic features of stream channels.

Thorough understanding of the principles of channel processes reviewed and
synthesized in Channel Classification, Prediction of Channel Response, and
Assessment of Channel Conditions (Montgomery and Buffington, 1993).

Additional Skills:  Level 2
Experience with quantitative methods of channel assessment (e.g., sediment
budgets).
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Education and Training:  Level 1
Bachelor�s degree in geology or related field (civil engineering, hydrology) or
specific course work in fluvial geomorphology.

Additional Education and Training:  Level 2
M.S. degree in geology or related field (civil engineering, hydrology) with
graduate course work in fluvial geomorphology.

Experience:  Level 1
Two years field experience in channel assessment, or research in fluvial
geomorphology.

Additional Experience:  Level 2
Experience conducting relevant independent research or channel assess-
ments.

Sel f -Evaluat ion
For Level 2 assessment:  Ability to read and understand basic references on
channel processes such as:

Richards, K. 1982. Rivers--Form and Process in Alluvial Channels.
Methuen and Co., N.Y., N.Y.

Leopold, L.B., M.G. Wolman, and J.P. Miller, 1964.  Fluvial processes
in geomorphology.  W.H. Freeman, San Francisco, CA.

Background Information
Initial information needs for the standard channel assessment are minimal,
in keeping with the reconnaissance-level orientation.  Further information
needs may be identified during the course of the analysis, but topographic
maps, photographs and other available historical information provide the
background data for the standard channel assessment.

The following information is needed to conduct a channel assessment.

Maps
Topographic maps of the watershed (7.5 minute series required where avail-
able; finer scale encouraged for working maps).
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Photographs
At least two sets of aerial photographs separated by a period of at least ten
years (1:12,000 scale or better, if available).  The more photographic sets that
are available the higher the confidence possible in the remote sensing compo-
nent of the channel assessment.  Also, photographs taken following major
storm events and harvest activities are particularly useful for assessing
changes in channel conditions.  Use the earliest and latest coverage available
and decadal coverage for the intervening period, as available.  The Mass
Wasting Module analysts will also be using sets of historical photos, and
sharing of photos between modules may be possible.

Other
Available historical data, anecdotal descriptions, and photographs of channels
in the watershed.

Results of the channel assessment are presented on the official watershed
base map to ensure mapping consistency between analysis modules.

If time is available, the analyst should also try to track down any studies that
may have stream channel data, such as instream flow studies, or United
States Geological Survey (USGS) channel cross-section data from 9-207
forms. (Discharge measurement notes).

Analysis Procedure
There is a certain level of information necessary to analyze channel processes
in a watershed context.  The following procedure defines a standard method-
ology appropriate for watershed analysis and must be completed.

Level 1 and Level 2 watershed analysis levels specify the qualified individu-
als and time frames available for the assessment.  Given the status of our
scientific knowledge regarding watershed-scale fluvial processes, there are
likely to be uncertainties in the interpretations of any assessment conducted
according to these procedures.  In addition, limitations of time and resources
for performing the assessment, and the analyst�s qualifications will also
determine the degree of resolution and confidence in assessment interpreta-
tions.

It is expected that Level 1 assessments produce the standard products, which
includes all forms and maps identified in the channel assessment report
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section of this chapter. Greater uncertainty of results and indeterminate
interpretations can be expected, because less time for field-work is allowed. It
is important that uncertainties be noted so that decisions based on this infor-
mation can account for them.  Level 2 analysis should be invoked when ana-
lysts are not satisfied with their ability to answer a critical question based on
the standard analyses, and improving interpretations is considered important
for decision-making.

Level 2 assessment requirements are more flexible and exploratory allowing
the analyst to invest his or her effort in gathering data and observations as
warranted by the nature of the question to be answered and the watershed
situation to be resolved.  Level 2 teams are expected to produce similar as-
sessment products augmented by additional information for specific situa-
tions.  This may include specific analyses of particular processes or sub-areas
within the watershed.  In addition, to facilitate the scientific review of assess-
ment procedures, the format for presentation of results shown in the channel
assessment report section must be followed when standard assessment forms
are not used by Level 2 teams.

To aid in the interpretation of channel environments, the individual conduct-
ing the channel module should be communicating with the individuals con-
ducting the appropriate modules (e.g., mass wasting, riparian, surface erosion
and fish habitat) during the time of the assessment. This communication
between module leaders is particularly important before, during and after
field work. This is necessary for construction of working hypotheses regarding
changes in the input variables, which other module leaders may be more
familiar with, and the subsequent response of the channel.

Distribution of Channel
Response Types
There is a need to initially identify similar channel segments in order to
develop hypotheses for response potential throughout a watershed.  Such an
initial classification must be done from either topographic maps, aerial photo-
graphs, or digital terrain data.  Channel attributes that may be so deter-
mined are typically restricted to slope, width, drainage area, and associated
land forms.  For this analysis, consider channel segments as the primary
mapping unit of stream classification and watersheds as a series of channel
segments defined by changes in gradient and confinement discernible at map
scales of 1:24,000.  Stream segment slope and confinement provide a useful
orientation for stream classification in that valley morphology is insensitive
to most disturbances of stream processes occurring over decades or centuries.
A combination of gradient and confinement provides a simple method to
distinguish response potential.  The approach to stream classification em-
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ployed in the channel assessment module largely focuses on describing seg-
ments, understanding their distribution relative to watershed features, their
probable condition under baseline and disturbed regimes, and their  potential
for biological productivity under a variety of conditions.

The influence of valley conditions on stream channels has been characterized
in several classifications that describe relatively homogeneous lengths of
stream contained within similar geomorphic settings (e.g., Paustain et al.,
1983; Rosgen, 1985; Cupp, 1989). Stream segments are associated with valley
gradient and are demarcated by contacts between lithologies of variable
resistance, or by abrupt change in valley conditions or land forms.  Gradient
is a surrogate for stream energy, the dominant control on channel morphol-
ogy.  Confinement controls aspects of potential response and reflects the long-
term history of a valley where past events, such as glaciation, leave an im-
print.  Gradient and confinement are also general indicators of transport
capacity and the balance between sediment supply and transport capacity.

A simple method for categorizing channel response potential in terms of
gradient and confinement was developed based on geomorphic reasoning and
experience (Table E-2).  Lacking more detailed information about channels,
we may expect those with similar gradient and confinement to respond simi-
larly to changes in input variables.  These gradient classes generally correlate
with morphologically distinct channel types (Montgomery and Buffington,
1993), but they are not absolute, and considerable overlap can exist depend-
ing upon local conditions.  For example, the 8-20% gradient category may
have a transition category that includes distinct geomorphic characteristics
and thus results in a different set of responses to changes in input factors.
This can be included in the assessment because the matrix is a first cut.
Nonetheless, the channel response matrix (Table E-2) approximates sediment
transport and response characteristics expected for channel segments defined
through remote assessment.  Furthermore, the response matrix provides a
way to develop hypotheses about channel processes that may be tested
through limited field observations.

The segment types in the channel response matrix (Table E-2) occur broadly
in watersheds throughout the Pacific Northwest region and are for the most
part independent of changes in erosion or hydrology caused by watershed
disturbance.  Segment types are expected to have similar characteristics
under equivalent watershed conditions and to respond similarly to changes in
sediment and hydrologic input to a watershed.  From a conceptual stand-
point, segments are seen as discrete lengths of stream, with characteristic
spatio-temporal erosional and depositional profiles.
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Table E-2.  Channel Response Matrix
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Define the Channel Network
The channel network must be defined prior to identifying channel segments.
Mapping and visiting all channels in a watershed is extremely time consum-
ing and would make the assessment intractable.  Instead, we differentiate
between fluvial and mass-wasting dominated channels and adopt the ap-
proach of delineating the full extent of the channel network, but only analyz-
ing in detail representative reaches of the fluvially-dominated portions of the
channel network.

Defining the channel network entails locating its upper extent.  There are
many ways to approximate the extent of the channel network and the blue
lines portrayed on topographic maps only rarely reflect the actual extent of
the channel  network (Morisawa, 1957; Mark, 1983).  Field surveys show that
the drainage area necessary to initiate a channel is inversely proportional to
slope (Montgomery and Dietrich, 1988; 1989), allowing determination of
channel network extent if the appropriate relation is known.  When this
relation is not known, as is generally the case, the extent of v-shaped, or
crenulated, contours may be used to approximate the extent of the channel
network (Morisawa, 1957).  Preliminary data suggests in mountain drainage
basins in the western United States that a gradient of approximately 20%
defines the upper limit of fluvially-dominated systems (Seidl and Dietrich,
1992; Montgomery and Foufoula-Georgiou, in press).  Field studies in the
Pacific Northwest also have shown that mass-wasting processes, such as
debris flows, are important sediment processes in channels steeper than
approximately 15 to 20% (Benda, 1990).  Consequently, these channels are
investigated in the mass wasting module.

After delineating the entire channel network, channel reaches with less than
a 20% gradient are included in the stream channel assessment and are la-
beled and numbered on the channel segment map.  Channel reaches greater
than 20% need to be delineated in order to identify the break point. The
extent of the channel network used in the analysis may be modified based on
field reconnaissance.  The linkage between channels dominated by mass-
wasting and fluvial processes should be considered during the analysis and
prescription phase of watershed analysis.  Labels and numbers also can be
given to streams with gradients of greater than 20%, if needed for addressing
specific resource concerns or linkages of hillslope and channel processes. For
example, it is useful to label and number those channel reaches greater than
20% that directly enter fish-bearing water and drain a large proportion of a
watershed. This gives the analyst an opportunity to check historic aerial
photo review for mass wasting run-out areas.



Version 4.0 E-18 November 1997

Watershed Analysis Appendices E�Stream Channel Assessment

Classify Segments
Once the channel network is delineated, it is divided into segments with
similar gradient and confinement.  A segment is a unique part of a stream
with beginning and end-points corresponding to stream coordinates.  As such,
they are the basic stream mapping unit for all stream channel-oriented com-
ponents of watershed analysis (Channel, Fish, Hydrology, and Riparian
modules).  The segments allow the analyst to interpret general expected
variations in channel morphology and processes and provide a guide for
focusing field work.  It is important to divide the channel network into a
minimum number of segments in order to facilitate the analysis.  Although
some judgment is required to delineate segments, the following criteria are
suggested as a guide.  (The analyst may also refer to the �Ambient Monitor-
ing Program Manual� of July, 1993, edited by Schuett-Hames, et al., for
guidance in identifying stream segments.)

Channel Gradient
Gradient is readily determined from topographic maps from the distance
between contours.  Six gradient ranges are used that generally correspond to
gradients associated with changes in channel morphology that reflect relative
transport capacity, and thus response potential (Table E-2).  Gradient breaks
need to be consistent for at least three consecutive contours.  This will pro-
vide a minimum distance for each segment and will subsume short reaches of
steeper or lower-gradient channel into longer reaches with more representa-
tive average slopes. If three consecutive contours is too long for low gradient
reaches (e.g., less than 1%) or too short for steep gradient reaches (e.g.,
greater than 20%), then the analyst should make a decision on the minimum
number of contours or distance and identify the criteria used in the methods
section of the channel assessment report.

Confinement
Channel confinement is more difficult to determine, but it may be considered
to be the ratio of the valley or flood plain width (VW), to the channel width
(CW).  Confinement is an important control on potential channel response.
Channels with wide flood plains may shift laterally over the valley bottom,
changing course, sinuosity, or pattern (e.g., meandering, braided) in response
to disturbance, whereas channels confined by bedrock valley walls can only
respond in other ways (e.g., bedform modification or channel armoring).
Channel confinement generally cannot be measured directly from topographic
maps, especially for small channels, because channel widths are not por-
trayed accurately.  Wherever possible, confinement estimated from topo-
graphic maps should be confirmed with either aerial photographs or field
observations.  Each channel reach is classified as confined (VW < 2CW),
moderately confined (2CW < VW < 4CW), or unconfined (VW > 4CW) (Table
E-2).
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In addition, it is also useful to delineate a stream segment break at major
tributaries that contribute 10% or more of the total upslope drainage area.
Although gradient and confinement may not change within a reach with a
major incoming tributary, the tributary itself could influence channel fea-
tures sufficiently that the segment could differ above and below the tributary.

Average segment length (distance between slope breaks) probably increases
with watershed and stream size.  The occurrence of segment types varies
within watersheds according to stream size, and regionally according to
differences in geology, geomorphology and climate. Again, it is important to
check the gradient/confinement calls during the field sampling phase of the
assessment report.

Numbering the Segments
Channel segments are assigned a number and classified following the conven-
tion illustrated in Figure E-1.  Segments on the channel map are labeled with
the gradient/confinement codes from Table E-2.  A copy of this map should be
provided to the fish habitat and riparian analysts upon completion. In larger
watersheds with numerous tributaries, it may be useful to assign a letter
code or prefix to each tributary system.

Recording Segments
Tabulation of the segment numbers on the channel segment worksheet (Form
E-1) provides the analysts with a record of the frequency of segment types in
the watershed.  This information gives the analyst information on the fre-
quency distribution of channel types and helps guide selection of representa-
tive channel segments for field observations.

Initial Interpretation of Response Segments
Segments are stream types determined by valley conditions and as such their
location and morphology tend to remain constant over time frames important
to forest management conditions.  Segment types represent the �potential� of
the stream and provide constraints on the probable form that the channel can
have within it.

As an aide to planning the subsequent field component of the module, it is
useful to synthesize segment information into general response potential
zones.  Classification of segments into source, transport, and response
reaches using gradient criteria of greater than 20% for source, 3 to 20% for
transport and less than 3% for response reaches reveals general patterns of
sediment transport characteristics associated with reach-level morphologies
(Montgomery and Buffington, 1993).  The 3% gradient break unfortunately is
not used to define segment categories, so the segment breaks will be different
than the general response potential zones. Source reaches are likely to be
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Figure E-1.  Example of Channel Segment Labeling and Numbering
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storage sites for colluvium and they are subject to mass wasting events, and
correspond to debris-flow dominated channels (Benda and Cundy, 1990).
Within the fluvially-dominated channel network, transport reaches are likely
to act as conduits for rapid sediment transport and delivery to downstream
reaches.  Response reaches, on the other hand, are most likely to exhibit
pronounced and persistent morphologic adjustments to changes in sediment
supply.

The distribution of source, transport, and response reaches governs the distri-
bution of potential impacts and influences recovery times in the channel
network (Montgomery and Buffington, 1993), as well as the composition and
structure of the biologic communities inhabiting the stream channel.  Thus,
identification of these potential response zones in a watershed reveals spatial
linkages between upstream sediment inputs and downstream response.

Transport reaches rapidly deliver sediment to downstream response reaches,
where sediment is more gradually transported downstream.  Response
reaches immediately downstream of transport reaches thus are relatively
susceptible to changes in sediment supply.  Delineation of channel types and
response zones also aids in selection of sites for field visits and for interpret-
ing causes of historical channel change revealed during examination of aerial
photographs. If a source, transport, and response map is made prior to aerial
and field work it, should be modified when the field component of the assess-
ment is complete.

An example from the Tolt River
The channel network in the 100 mi2 watershed was divided into 166 num-
bered segments (Figure E-2).  Comparison of the channel response table with
the channel segment worksheet (Figure E-3) provided the channel group with
hypotheses for the type of input factors that may influence specific segments.
Generalization of the channel segment map into transport and response
segments (Figure E-4) allowed the channel group to identify areas that may
be more sensitive to a change in input factors based on channel network
position. These distributions helped interpret evidence of historic changes in
channel conditions observed in subsequent analyses of aerial photographs.
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Figure E-2.  Example of Channel Segment Labeling and Numbering
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Figure E-3.  Example of a Channel Segment Worksheet
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Figure E-4.  Example of Source, Transport, and Response Reaches
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Historic Changes
Historic changes and trends in channel attributes provide an important
component of the context within which to assess current and potential future
channel conditions.  A wide variety of historical data are useful for recon-
structing past channel change, and all available information should be uti-
lized.  In most cases, aerial photography will provide the primary source of
historical data, although terrace and floodplain deposits can be mapped and
dated to learn about past erosional regimes and channel response.  Analyses
that can be done with aerial photography largely address the question of
historical trends in macroscopic channel morphology, such as channel widen-
ing, incision, migration, or transformation from a meandering to a braided
channel pattern.  Reconstruction of historic changes involves comparison of
channel conditions through time with some reference standard to determine
the degree of disturbance and recovery in a basin.  Lacking other information,
channel conditions apparent on the earliest available photographs may pro-
vide an appropriate reference standard.

Field interpretations allow further comparison of existing channel conditions
to reference standards that define desirable channel conditions.  The chosen
reference conditions, however, must be appropriate for the channel type
under consideration, as imposition of simple numerical standards (e.g., pools
per mile) on all channel types is inappropriate.  Aerial photo analysis is an
efficient way to focus field effort, as well as a valuable indicator of past chan-
nel response.

Multiple-decade photo coverage is necessary to provide a reasonable determi-
nation of trends in channel condition through time.  Accurate portrayal of
these trends becomes very important when trying to infer causality through
comparison of channel change with spatial or temporal patterns of natural
and land-use disturbance (i.e., during construction of a diagnostic sediment
budget).  Evidence of change or trends through time can occur on both larger
and more local scales.  Large-scale changes in channel morphology may re-
flect landslide scour, flow diversions or additions from road drainage, and
changes in sediment supply.  Local changes can include bank erosion and
channel widening following riparian disturbance and harvest, direct distur-
bance to the channel, depletion in the amount of in-channel wood, and in-
creased or decreased pool frequency or area.

Interpreting Photos
Once the channel network has been segmented, the analyst examines aerial
photographs for changes in channel width, bar positions and stability, wood
loading, channel pattern, canopy opening and channel position.  Channel
widths should be compared at the same characteristic and recognizable points
for each reach on successive aerial photographs.  Measuring the same cross-
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sectional area (transect) allows the stream channel analyst to compare the
change in channel width and area over time. For small channels, direct obser-
vation of channel width may not be possible due to dense riparian vegetation.
In these channels, canopy opening provides a useful surrogate for channel
width (Grant et al, 1984; Grant, 1988).  In larger channels, gravel bar size
and vegetation cover also can be seen and reconstructed through time.

Recording data
For each numbered channel segment, the analyst estimates and records
whether the average width of the segment canopy opening increases, de-
creases or remains the same through each time interval in the photo record.
The channel  disturbance worksheet (Form E-2) provides a convenient
method for documenting observations of channel conditions and change deter-
mined from aerial photograph analyses.  For reaches that exhibit gross
changes such as extensive widening or braiding, it is often useful to trace the
active channel area for each photo year available. Channel area and width
can be plotted over time to display changes in the channel. Other changes in
channel conditions noted during aerial photograph analysis also are noted on
Form E-2. (e.g., riparian disturbance, buffer size, road crossings, if yarding
occurred across a channel, or if LWD was pulled). Segment selection is an
iterative process; as sampling proceeds, questions will be raised that guide
selection of additional field sampling segments. Consultation with the other
analysts is critical in raising questions and identifying sites for field inspec-
tion.

The aerial photo analysis will also help guide site selection for field assess-
ment, which will help the analyst answer other questions pertaining to inter-
pretation of channel and fish habitat conditions.

The analyst should develop a brief narrative describing the overall results of
the historic photo analysis for the watershed.

An example from the Tolt River
The channel  disturbance worksheet from the Tolt River watershed analysis
(Figure E-5) identifies locations where change has occurred (segment re-
sponse number), the style of change (e.g., increased channel width), the pe-
riod of change, and gives a brief description of disturbance indicators.  For
example, the upper North Fork Tolt (Segments 12 through 16) increased in
width between 1945 and 1980, started to narrow between 1980 and 1990, and
lost riparian and bar vegetation after several floods in 1990.  Before 1954, all
of the riparian vegetation was cut in these reaches.  By 1954 there was evi-
dence of extreme widening leading to channel braiding.  Less intense widen-
ing subsequently occurred downstream.  Widening continued until the late
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Figure E-5.  Example of Channel Disturbance Worksheet
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1970�s, when the upper North Fork started to narrow.  At present, reaches of
this braided section of the North Fork Tolt continue to narrow.

Interpreting the cause of this channel response provides a good example of
extending the analysis beyond the standard method when faced with uncer-
tainty.  The cause of this widening and resulting change in channel morphol-
ogy was uncertain from the standard analysis.  The assessment team decided
to analyze discharge records for the period covered by aerial photographs.
This further analysis supported the interpretation that riparian harvest and
direct channel disturbance, followed by several greater than 10-year flow
events, resulted in bank erosion, channel widening and eventually braiding in
response to the increased supply of coarse sediment remobilized from flood
plain deposits.

Current Channel Conditions
Physical features indicative of channel conditions reflect the interaction of
many processes that influence transport capacity, bank stability, sediment
supply, and availability of flow obstructions.  Different types of channels
respond differently and there is no single metric for assessing the condition of
a stream channel.  Nonetheless, impacts resulting from land use can change
bed and channel configurations in ways that may affect public resources,
perhaps most importantly aquatic life and water quality.  Such changes in
channel conditions can manifest in a variety of ways in the bed, active chan-
nel and flood plain.  Some channel characteristics or potential responses are
only applicable in certain channel types and establishing direct evidence for
such changes is further complicated by the potential for complementary or
opposing channel response to contemporaneous changes in discharge and
sediment supply.  Consequently, we adopt the approach of synthesizing avail-
able evidence into a diagnosis of channel conditions.  We feel that with
enough experience this approach will identify the dominant controls on cur-
rent channel conditions, but we do not know how good it will prove for more
subtle interactions. This approach differs considerably from previous channel
assessment methodologies (e.g., Pfankuch, 1975) in that it adopts a process
orientation and rejects the temptation to develop a single numerical score for
interpretation of current and potential channel conditions.  Our philosophy is
to design a robust framework within which to analyze channel processes that
allows for assessment of both existing conditions and prognosis of potential
future conditions.  The method more closely resembles medical diagnosis
techniques.

The segment categorization is applied from remote data and it simply sug-
gests probable stream conditions.  Units mapped in this fashion contain no
information about present stream states, although most probable states
might be inferred, given knowledge of watershed condition and experience
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with the segment type.  This is important, because at finer spatial scales the
structure of channels can be highly variable through time responding to
changes in the rates of important processes that determine stream morphol-
ogy including sediment and discharge regimes and the frequency of channel
obstructions (Sullivan et al., 1987).  This spatial-temporal variability is an
inherent characteristic of a segment type defined by more stable features,
although the frequency and magnitude of natural variability is generally
unknown.

A major task is to identify and assess relationships between channel charac-
teristics and the volume and quality of sediment and obstructions and to flow
regime by segment type for the watershed under assessment.  The primary
environmental factors determining channel condition within a segment at a
point in time are the sediment regime (amount and size), discharge regime
(frequency and magnitude), and channel obstructions (substrate, LWD, con-
finement). Consistent with general systems theory (Orsborn and Anderson,
1986), these are referred to as input variables in that they are factors that
are extrinsic to a channel segment.

Geology and climate may strongly influence stream channels by determining
both the type and input rate of sediment and the quantity and timing of flows
available to transport sediment. Forest management and other land use
activities can affect each of the input variables directly or indirectly with
resultant effects on stream channels.  Forest management may result in
accelerated rates of sediment input, altered flow regimes, and depletion or
removal of channel obstructions (especially LWD).

The current �state� of a segment may vary over the range of potential chan-
nel conditions characteristic of each type depending on current and historic
interplay of the input variables, reflecting climatic variability and the history
of natural or land-use disturbance influencing each segment.  Although the
channel characteristics of a segment can also vary over time, the potential
state of each segment has finite boundaries.  Within a watershed it is feasible
that, at any one time, two segments of the same type may be at opposite ends
of the scale of potential conditions for that particular segment type.

By classifying channels into segments we can identify general stream proper-
ties and responses associated with stream types that occur widely within
broad geographic areas.  However, an evaluation of stream conditions and
probable response to watershed disturbance only can be done by considering
each local site within a watershed context.  Each watershed has unique com-
binations of geologic and climatic conditions, as well as a history of storms
and past disturbance.

A channel segment will have different characteristics depending on sediment
loading, hydrologic conditions and obstruction frequency.  Interpretations of
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channel response for segments of a given gradient/confinement class would
necessitate determining the current position on a sediment loading con-
tinuum from �sediment poor� to �sediment rich�.  Channels of a given seg-
ment class will respond to an absolute increase in sediment input in a man-
ner related to its present position on the �loading continuum�.  To develop the
relationship between input variables and stream channels, we must identify
variables to be measured that respond to changes in the input factors.  Re-
sponse variables are defined as characteristics that change in relation to
input variables.

Hypothetically, current input factor levels could be determined by indices of
response variables that reflect the prevailing sediment rates, flow regime or
obstruction characteristics stratified by segment type.  Such indices may be
one or more response variables that indicate the general level of an input
variable.  However, there currently is no scientifically-validated channel
condition index available that estimates rates of input factors with quantita-
tive channel measures, although qualitative indices have been used for spe-
cific channel interpretations (e.g. Pfankuch, 1975).  Until a quantitative
method is available, we adopt the approach of using all available evidence to
generate a diagnosis of channel conditions.

Our method involves making field observations of key attributes of the
stream bed, active channel and flood plain in selected locations and, using
geomorphic theory as a basis, diagnosing relative levels of input factors from
the weight of the evidence provided by the conditions examined.  Interpreta-
tions will be guided by the diagnostics of this method but the quality of the
interpretations will remain largely dependent on the experience and skills of
the analyst.  Some interpretations may be augmented at later stages of as-
sessment when geologic and hydrologic history of the watershed are avail-
able.

Channel conditions reflect spatial and temporal linkages through the water-
shed.  Causality of potential linkages should guide interpretation of channel
conditions and selection of representative reaches for field assessment.

For example, sediment perturbations can be greatly damped with increasing
drainage area, and therefore spatial scale is important when predicting sedi-
ment impacts to channels (Benda, 1993).  In addition, tributary junctions of
first and second order channels with third and higher order channels are
typically depositional sites of debris flows, and abrupt changes in channel
morphology at those locations can be expected (Perkins, 1989; Benda, 1990).
Dam-break floods laden with organic debris can affect certain portions of a
channel network (Coho and Burgess, 1991).
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The current state of a segment has a strong influence on probable response to
management activity and is an important starting point for understanding
observed trends or predicting probable changes with a management activity.
Assessing the current stream channel requires several steps:

� select representative sites for field observations

� make field observations relevant to interpreting aspects of channel pro-
cesses

� diagnose channel conditions relative to input factors

� interpret potential future conditions based on channel processes.

Selection of Segments for Field Assessment
Remotely sensed information is useful in assessing only certain aspects of
channel morphology.  Other aspects crucial for evaluation of geomorphic
processes (e.g., downcutting or aggradation) and habitat condition (e.g., pool
frequency or depth) rely on field observations.  Unless unlimited time and
resources are available, the analyst will need to focus field assessment on
representative reaches and extrapolate conditions to other portions of the
channel network.

Sample Size
In order to adequately characterize the watershed, the analyst should sample
15 to 25% of the numbered segments in a basin.  Sampling should be strati-
fied and based on the distribution of gradient/confinement classes and an
attempt should be made to sample a reach representative of each class.  De-
pending upon the variability of physical factors present in the basin, it also
may be necessary to include several segments for each class to collect a repre-
sentative sample.  The channel segment map and worksheet will assist in
identifying the mix of response segments in the watershed and the distur-
bance assessment worksheet may guide selection of channel segments for
field examination.  Again, it is the most important phase of this module, so an
increase in sample size will increase confidence in the overall assessment. If
time permits, reconnaissance surveys can be made in the beginning and end
of the assessment in order to gain a more qualitative understanding of the
similarity and dissimilarity between segments.

Selection Criteria
There are a variety of criteria for selecting sites for field visits.  We suggest
the following in approximate order of utility:
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1. The number of segments of a given type in the watershed (see Form E-1).

2. Segments of known resource importance (consult with fish habitat and
hydrology analysts).  Candidate segments may include unique combina-
tions of response segment and public resources.

3. Representative physiographic and geologic areas of the watershed.

4. Segments which represent both disturbed and undisturbed conditions.

5. Segments likely to respond to changes in specific input factors (sediment
supply, LWD, etc.).

6. Segments likely to respond significantly to changes in independent vari-
ables (i.e., 2-4% gradient, moderately confined reaches).

7. Segments subject to inputs from hillslope hazards (consult with mass
wasting and surface erosion analysts).

8. Segments that are unique or unusual. (e.g. steep, unconfined reaches)

Selected segments should represent a mix of responses reasonably distributed
throughout watershed.  Site selection is one of the most important steps in
the channel module because if the analyst looks for change in locations where
it is unlikely, then resulting information will be misleading.  Consequently,
recording rationale for site selection is an important component of the chan-
nel assessment process.  The field site selection worksheet (Form E-3) is
provided to briefly document rationale for each segment the analyst will
visit.

It will be important to consult with the mass wasting, surface erosion, hydrol-
ogy, and fisheries analysts for input on critical sites while developing the
rationale for site selection, and throughout the field phase of the assessment.

Field Observations
The condition of a stream channel and its flood plain reflect the sediment
supply, discharge, and roughness regime of the present, imprinted over any
remaining effects of past disturbance (Sullivan et al., 1987).  The channel
analyst uses key features to identify the occurrence of historic events as well
as to diagnose the current regime of key watershed processes.  During this
phase of the assessment, the analyst should communicate with indi-
viduals conducting the other modules to begin developing working
hypotheses on whether the existing conditions are normal for the
watershed and reflect geology and climate, or are due to natural or
landuse disturbance.  However, causal interpretations are developed dur-
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ing the synthesis stage of the resource assessment using information on
erosional and hydrologic history of the watershed.

Fluvial geomorphologists have developed a number of relationships showing
patterns of channel characteristics, such as hydraulic geometry, within and
between watersheds (Leopold et al., 1964). There has been less progress
equating variability of these characteristics within and between watersheds
with varying sediment supply, flood hydrographs, and channel roughness.
Nevertheless, geomorphologists use key features to qualitatively and, in some
recent cases, quantitatively relate specific channel conditions with variations
in watershed processes.  We draw upon this experience to suggest a diagnos-
tic method that relies on field observations of stream and flood plain features.

Diagnosis of channel condition relies, to a large extent, on qualitative and
quantitative field observations of diagnostic characteristics of the channel
bed, active channel, and flood plain.  These characteristics help indicate the
relative magnitude of channel processes, and reflect the style and magnitude
of past and potential future responses to changes in sediment supply, dis-
charge, LWD, and large-scale disturbance.

The field component of the channel module is designed to assess, in a simple
and repeatable manner, key characteristics of the stream channel that are
useful for interpreting channel condition and response potential.  The point is
to help generate a story.  These key features include:

� Channel bed morphology

� Gravel bar characteristics

� Pool characteristics

� Channel dimensions (slope, width and depth)

� Fine sediment deposits

� Roughness elements

� Stream bed material

� Channel  pattern

� Bank and riparian conditions

� Flood plain attributes
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Unless the analyst justifies the exclusion of features, each should be ad-
dressed in some way.  Although methods are provided here, the analyst may
use discretion in the detail and methods employed to characterize key fea-
tures.  Although these characteristics are appropriate indicators of
channel conditions, not all are relevant and need to be measured in
each channel segment.  Table E-3 includes a description of the channel
types in which different attributes are most appropriate. (see column in Table
E-3 entitled "Applicable to segment type").

The field measurements and observations described below is a list of tools
that can be used to interpret stream channel conditions.  If other scientific
methods are used, they need to be fully explained in the channel methods
section of the assessment report.  For some of these characteristics, the confi-
dence level of interpretations based on the field assessment can be increased,
and uncertainty commensurately decreased, through additional more detailed
observations or modeling.  The analyst compiles as much information on key
channel features as possible, and uses them to diagnose channel condition, as
described in a subsequent section of this module.

The following section discusses field methods for collecting observations on
each of these channel characteristics.  It is not feasible to conduct field obser-
vations and measurement of channel features throughout entire channel
segments which are long in any kind of reasonable time frame.  Rather, field
observations should be collected at a characteristic reach within a numbered
channel segment.  A channel reach may be considered to be on the order of 20
channel widths in length. A longer length can be sampled if 20 channel
widths does not capture the variability within a reach. The key is to capture
segment variability, which is part of the overall channel variability.

Channel Bed Morphology
Channel bed morphology provides a general indication of the style of poten-
tial channel response (Montgomery and Buffington, 1993). The gradient/
confinement classes determined from map and aerial photograph analyses
should be supplemented on the basis of field observation for each channel
reach visited in the field assessments.  This classification will provide context
to the subsequent channel diagnosis.

The nature and organization of channel bed material defines the channel type
in this classification (Montgomery and Buffington, 1993).  There are eight
general channel types; colluvial, bedrock, braided, regime, pool-riffle, plane-
bed, step-pool, and cascade, but intermediate morphologies are common in
many watersheds.  There are two important issues to consider.  Several
channel types can exist within a channel segment.  Secondly, some channel
types can alternate between bed morphologies listed below (Benda, in prep.)
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Colluvial channels are recognized by the presence of colluvial deposits in
channel banks and the presence of only a thin layer of alluvium overlying
colluvium in the valley bottom.

Bedrock channels are floored in bedrock and lack a contiguous bed of allu-
vial material. The other six channel types are all alluvial channels in which
the channel bed and valley fill are composed primarily of material trans-
ported by the channel.

Regime channels are often sand-bedded and are recognized by the presence
of ripples or dunes on the low-flow channel bed.

Braided channels are those with multiple active channel ways.

Pool-riffle channels may be either free-formed pool and bar sequences or
pool and bar sequences by flow obstructions, such as bedrock outcrops, boul-
ders, and LWD.  In the latter case the channel has a forced pool-riffle mor-
phology.

Plane-bed channels are those that exhibit a flume-like bed morphology
lacking distinct pools.

Step-pool channels are those in which tumbling flow over regularly-spaced
accumulations of coarse grains separates channel-spanning pools.

Cascade channels are those characterized by essentially continuous tum-
bling flow.

At each channel reach visited, the channel morphology is classified according
to the above criteria.  Intermediate channel morphologies (i.e., plane-bed/
step-pool or step-pool/cascade) are acceptable classifications for reaches exhib-
iting poorly-developed characteristics representative of different channel
types.  Further descriptions of these channel types are presented elsewhere
(Montgomery and Buffington, 1993).

The classification scheme is one way to describe where there is a change in
channel bed morphology. It is also important why channel bed morphology
changes and what is the process that causes a change within a given reach.
For example, if a forced pool-riffle reach goes to a plane bed reach, is it due to
a change in gradient or a reduction in the amount of LWD? It is important to
note what variables (e.g., gradient, confinement, input factors [wood, sedi-
ment], or processes [fluvial v. mass wasting dominated] have changed within
a reach. Field form E-4 entitled "CHANNEL BED - Channel Bed Morphol-
ogy" gives a recommended format to identify the different channel types, as
well as, source, transport and response zones, in a given reach or segment. It
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includes a comment section to document what and why changes to input
factors and processes occur.

Gravel Bar Characteristics
Most of the readily available sediment in moderate to large channels is stored
in bars--sediment accumulations within the channel that are one or more
channel widths long (Church and Jones, 1982).  Bars may lie in the center of
the channel, along one side, or across the entire width, thereby forming riffle-
pool sequences.  Areas of shallow flow over bars are commonly called riffles;
deep areas located between bars are pools.  Differential patterns of entrain-
ment, transport, and deposition of sediment during floods set up the general
morphology of the channel bottom, which then determines the flow character-
istics at lesser flows (Sullivan et al., 1987).

Sediment bars may be forced by local flow divergence associated with in-
channel obstructions or freely-formed.  Bars may be generalized into point,
medial, multiple and forced bars.  Point bars occur on the inside of meander
bends, medial bars are topographic high points in the middle of a channel,
multiple bars across the active channel define channel braiding, and forced
bars are local sediment storage elements forced by flow divergence imposed
by in-channel flow obstructions, such as boulders, bedrock outcrops, or LWD.
Bars forced by flow attributes may be due to either direct physical impound-
ment or result from local hydraulic divergence.  The location and area of
gravel bars reflects the sediment load of the stream as well as the presence of
flow obstructions.

The type of gravel bars present in the segment, their association with ob-
structions, and their relative proportion of the active channel area should be
noted.  The size of the riparian opening relative to the active channel width
also may be measured during field inspection. Field form entitled "ACTIVE
CHANNEL - Gravel Bar Characteristics" gives a recommended format to
help quantify the amount, size and activity level of gravel bars present in a
reach. Information on side channels can also be incorporated.

Pool Characteristics
Pools represent the deep topographic depressions between the crests of the
gravel bars.  They may be formed by a variety of processes involving interac-
tions between discharge and sediment transport, disruption of flow by in-
channel obstructions that create local flow convergence and bed scour, and
from the focusing of flow into channel banks that causes local scour.  Pools
may be either hydraulically formed by the interaction of sediment and water
movement, or they may be forced by local flow  obstructions, such as boulders,
bedrock outcrops, and LWD (Lisle, 1986).  Increased LWD loading forces
creation of additional pools, which contributes to the complexity of in-channel
habitat.  Although different types of pools have distinctly different habitat
values, the pool spacing provides a simple quantitative index of both habitat
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availability and complexity.  Pool spacing is a primary channel attribute that
is very sensitive to the loading of in-channel LWD in certain channel types
(Montgomery et al., 1993).  Different pool spacing typify different channel
types, as discussed further in the channel diagnosis portion of the channel
module.

Pool frequency should be assessed for each channel segment visited during
the field assessment.  This involves simply counting the total number of pools
within a selected reach.  The pool frequency is expressed in terms of the
channel length normalized by the channel width divided by the number of
pools, yielding an expression for the channel widths per pool. (Channel width/
pool=[reach length/channel width]/number of pools). The analyst needs to
identify if there is a minimum size pool or criteria which they use to define
what pools will be measured. For example, an analyst can measure pools
greater than one-half the channel width, or they can measure all pools includ-
ing small pocket pools on the lee side of obstructions. It is up to the analyst to
decide and note their criteria.

The factors controlling pool formation in a channel reach are an important
observation for interpreting pool spacing.  In each channel reach visited the
total number of free and forced pools should be recorded.  Forced pools can be
subdivided into those controlled by LWD, boulders, and interactions with
channel banks.  The pool forming factors is often more than one control.

Field form E-4 entitled "ACTIVE CHANNEL - Pool Forming Factors (PFF)"
is a recommended format to record information on what forms a pool, the pool
dimensions, what type of substrate the pool is formed in, and how big of an
obstruction is needed to form it. This data gives the analyst basic information
on the distribution of pool forming factors and the relationship between ob-
struction size and residual pool depth (maximum depth - tailout depth).
Empirical information can be derived from such data that can be
useful to assess what the role of different pool forming factors and
associated obstruction sizes are in the different geomorphic units.

Subsampling a reach to identify PFF may be a more efficient way to gather
this type of information because it takes time and may preclude the analyst
from measuring and observing other important parameters.

Channel Dimensions (Slope, Width, and Depth).
Stream channel dimensions are primary channel characteristics related to
the channel-forming, or bankfull, discharge.  Channel slope, and bankfull
width and depth measurements should be taken in the same area where
pebble counts are conducted so that they will provide compatible data for
subsequent analyses.
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S l o p e
Although the approximate valley slope will have already been inferred from
topographic maps in the channel segment delineation portion of the channel
assessment, channel slope should be field surveyed for channels visited in the
field assessment.  Accurate measurement of channel slope is necessary for
calculations pertaining to the channel condition diagnosis and is especially
important if the analyst intends to pursue more detailed analyses involved
calculation of sediment transport rates for the watershed.

There are many ways to measure channel slope, but a hand or engineering
level should be used to measure channel slope in the field.  Although popular
among biologists and foresters, clinometers are not an acceptable technique,
in low gradient channels (e.g., < 3%), as they are accurate to only ± 1o  in the
hands of experienced users.  Moreover, they provide little improvement over
reach-average estimates derived from topographic maps.  In low-gradient
channels in particular, differences of less than 0.5o  may be significant and
errors of 1% are common using clinometers.  Channel slope should be mea-
sured over a distance of at least 10 channel widths to ensure characterization
of the reach-average slope. If a clinometer is used in higher gradient chan-
nels, then approximate measures should be taken to ensure accuracy such as
tying flagging at eye level and standing at water level to improve accuracy. If
a clinometer is used, it should be noted.

Bankfull width
Bankfull stage (Wolman and Leopold, 1957) often is considered to represent
the dominant discharge associated with channel-forming events.  The recur-
rence interval of bankfull events varies between channels and regions, but is
generally between 0.5 and 2.0 years (Williams, 1978).  The bankfull width is
the horizontal distance between the channel banks measured directly across
the channel.

Bankfull depth
The bankfull depth is the average flow depth across the channel at bankfull
stage.  The number of bankfull width and depth measurements should be
adjusted to capture variability within a channel segment.  The bankfull depth
may be approximated by dividing the channel cross-sectional area by the
bankfull width.  This requires surveying a cross-section across the channel.  A
hand-level, tape, and rod survey capturing major topographic changes along
the cross-section is sufficient to portray the cross channel form.  The survey
should be done at the same locations as pebble counts.  Identification of the
bankfull flow depth is not always straightforward.  Often it coincides with the
topographic break-in-slope at the top of the channel banks.  In channels that
are incised into terrace or debris-flow deposits, however, the bankfull dis-
charge may be significantly lower than this topographic feature.  The top of
in-channel bars, the limit of vegetation growing along channel margins, and
other features may help in estimating the bankfull flow depth.
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Figure E-6.  Longitudinal and Cross-sectional Breakdown of a Pool

Figure E-7.  Longitudinal Profile showing Residual Pool Depth

(From Lisle and Hilton, 1992)
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Field forms E-4 entitled "ACTIVE CHANNEL - Long Profile and Cross-
Section Data Sheets"  can be used to help gather survey information.

Fine Sediment Deposits
The amount and distribution of fine sediment (e.g., material less than 2mm
diameter) on the bed of a channel reflects the combined influences of local
hydraulic controls, flow obstructions, and sediment supply.  Examination of
locations where fine sediment occurs helps to sort out these influences.  These
locations may be generalized into the following categories:  fine sediment
occurs 1) locally in pools, 2) in pools and as patches on riffles and bars, and 3)
extensively in pools and over riffles.  Different additional observations and
measurements of fine sediment distribution are appropriate for pools and
riffles.

In Pools
The volume of fine sediment overlying coarser channel bed material provides
an index of the fine sediment supply to a channel (Lisle and Hilton, 1992).
Measuring the volume of fine sediment in a pool involves division of the pool
into longitudinal and cross-sectional transects (Figure E-5).  The depth of
fines is measured using a probe to assess the depth to larger material of the
pool bottom at each location where longitudinal and cross-sectional transects
intersect.  A single point measurement of the fine sediment thickness within
a pool is inadequate in all but unusual circumstances because of the variabil-
ity of sediment depth within the pool.  The residual pool depth (Lisle, 1989)
also is measured at each sampling location.  This is determined as the eleva-
tion difference between the pool bottom and the elevation of the pool overflow
(Figure E-6).  This is readily determined using a hand level and survey rod.
The number of points measured within a pool should reflect the size of a pool,
but typically at least nine measurement points are necessary to capture the
in-pool variability of the fine sediment thickness. Field form E-4 entitled "V*
Data" is a recommended format to help gather data on the amount of fine
sediment in a pool.

Within riffles
The nature and extent of fine sediment distribution over riffles provides an
additional observation to record for each channel reach visited in the field
assessment.  In particular, it should be noted as to whether fine sediment
occurs 1) locally within the lee of large clasts and in other hydraulically-
sheltered locations; 2) as strands extending downstream from large clasts; 3)
over most of the channel bed; or 4) as a thin draping over larger clasts com-
posing the bed surface.

Roughness Elements
Features that provide resistance to flow are an important determination of
channel architecture.  Energy dissipation results from drag induced as water
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flows over the bed particles, as well as around the larger scale bedforms
including gravel bars meander bends and channel obstructions.  In many
mountain channels LWD is a dominant source of channel roughness (Sullivan
et al., 1987).  Wood and alternating obstructions serve as focal points of scour
and deposition, ordering the position of gravel bars and sediment storage
sites, and intervening scour holes as pools (Lisle, 1986).

The type and distribution of roughness elements can be a major control on
channel architecture.  The amount of in-channel LWD may be influenced by
forest practices while other roughness elements may not.  Overall and local-
ized transport capacity of a stream segment is reduced with increased size
and numbers of large roughness elements, which could influence the sorting
of sediment within the active channel as well as the particle size characteris-
tics of the bed (Buffington, in prep.).  Recognizing the role and nature of
roughness within a stream segment is important to understanding channel
condition and potential sensitivity to land use practices.

Prior to doing field work, the stream channel analyst should meet with the
fish habitat and riparian analyst to decide who will count LWD. The stream
channel analyst should, regardless of  who does the actual wood count, iden-
tify the form and function of LWD through the pool-forming factors data, or
type and distribution of roughness elements data collection process.

Field forms E-4 entitled "CHANNEL BED - Dominant Roughness Elements
(DRE)" and "ACTIVE CHANNEL - LWD Functions(F)" are recommended
formats which help the stream channel module leader gather qualitative and
quantitative information on roughness elements (e.g., boulders bedforms, and
LWD), bed surface patterns, fine sediment deposits, LWD functions (e.g., pool
scour, stability and sediment storage sites) and the amount of stored sedi-
ment behind LWD structures. Such data can be used to derive empirical
relationships, at a segment type or geomorphic unit scale, on the role of ob-
structions in forming and maintaining channel morphology.

Stream Bed Material
Surface Particle Size.  The size of particles on and below the channel bed
surface are primary channel characteristics that are sensitive to changes in
sediment supply, discharge, and in-channel roughness elements (Buffington
and Montgomery, 1992).  The channel bed typically is coarser than the under-
lying substrate.  This surface layer of coarser material, often referred to as an
armor layer, represents the material providing shear resistance to flow at the
channel bed.  The characteristics and size of the coarse surface layer control
bed mobilization and initiation of sediment transport.

There are many possible sampling techniques and strategies for characteriz-
ing channel bed surface textures (c.f.  Diplas and Sutherland, 1988) within
and between reaches, and several of these techniques are discussed below.
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The analyst�s choice may reflect a combination of the time allotted and the
detail required for characterizing a given reach.

The most common method of grain size sampling is the pebble count tech-
nique proposed by Wolman (1954).  The basic procedure is to measure the
intermediate diameter of 100 grains over a given area of the channel.  In
order to characterize the full range of grain sizes at a particular location one
should conduct a bank-to-bank cross-channel sampling by traversing the
channel and measuring for each step the clast immediately in front of one�s
boot toe.  Grain sampling is intended to be random; look away from the bed
while advancing across the channel and while reaching for a grain.  Measure-
ment locations within a sampling area are determined by either taking ran-
dom steps or pacing several fixed-interval transects.  Accurate representation
of the distribution of grain sizes in a reach depends on both the number of
sample sites chosen and the area sampled.  The analyst should sample
enough locations to capture the variability within the channel segment.  Any
criteria used to establish sampling area size should probably be scaled by the
channel width.

Sampling across the active channel may be impossible during high flows or
for other dangerous conditions.  Two possible strategies can be used in this
case.  The first is to walk the reach, observing the variability in surface tex-
tures, and conduct pebbles counts at several locations that are deemed repre-
sentative of the general textural conditions of the channel.  The second
method involves a systematic sampling of a particular morphologic point on
several bars within the reach.  Typically, high velocity core cross-over loca-
tions on point bars (Dietrich and Smith, 1983) is chosen.  This technique is
attractive, because it is based on systematic sampling of morphologically
similar locations in a channel.  However, the technique may not accurately
represent the full range of grain sizes present in a channel, nor is it recom-
mended for complex LWD-dominated channels, because of the non-systematic
nature of barform characteristics and morphogenesis in these streams.  For
both of these sampling strategies, pebble counts over small areas (order of 1
sq m) can be conducted by point counts using the same techniques discussed
above for cross-channel sampling.

A final technique involves identification, sampling, and spatial averaging of
discrete textural patches within a channel (c.f. Buffington, in prep.).  The
analyst first walks the study reach, visually partitioning the bed into distinct
textural patches.  One or more pebble counts are conducted for each specific
textural type and subsequently assumed to be representative for that texture
throughout the reach.  Textural pebble counts are then spatially averaged
based on areal representation of each texture within the channel.  Areal
extent can be quantified rigorously through detailed textural mapping or
estimated by visual inspection.
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A variety of other sampling techniques also exist, such as wax casting, spray
painting, and photo inspection (Diplas and Sutherland, 1988).  The particular
technique employed should be done consistently throughout a watershed, as
different methods and strategies are not necessarily comparable.

The pattern of sediment distribution on the bed surface should also be noted.
In particular, both the dominant surface texture (i.e., boulder/cobble) and the
variance of surface textures should discussed.  For example, a channel bed
may be composed primarily of cobbles, with gravel bars impounded behind
LWD jams.  A simple description of the distribution and patterns in the varia-
tion of surface grain sizes is an important piece of information regarding
channel attributes.

Subsurface Particle Size.  The substrate underlying the surface armor of a
channel is thought to be representative of the bedload material transported
by the channel following disruption of the armor layer (Parker et al., 1980).
Thus the percentage of fine sediment in the subsurface reflects the supply of
fine sediment to the channel.

Estimating the subsurface particle size is more difficult than the surface
sampling methods because of the difficulty of removing surface sediments to
the subsurface.  The simplest method involves a  modification of Wolman�s
pebble count method.  First, the surface armor layer is removed from an
approximately 1m2 area of a medial or point bar.  The surface layer normally
extends as deep as the larger clasts exposed on the bar.  Second, subsurface
material exposed in the excavation is mechanically mixed.  Finally, a pebble
count is conducted on at least 100 grains randomly selected from the excava-
tion.  Subsurface pebble counts should be taken in the same area as surface
pebble counts.  Care should be taken, however, to avoid sampling in hydrauli-
cally sheltered locations, (e.g., in proximity to large woody debris).  Because of
the modifications resulting from sampling difficulties, the accuracy of this
method is likely to be lower than other more intensive methods.  Greater
certainty in the subsurface particle size analysis may be attained through
sieve samples of the channel substrate in order to more accurately assess the
grain size distribution, and thus channel sensitivity to changes in sediment
supply and transport capacity, or the potential influence of fine sediment on
fish populations.  The percentage of fine sediment in subsurface gravel should
be characterized by any method only after removal of the surface armor layer.
Sediment samples for sieve analyses can be collected using a variety of meth-
ods including a bucket and shovel and the McNeil sampler used by fisheries
biologists (NWIFC, 1993).

Field forms E-4 entitled "Pebble Count Data" are example formats to use to
collect surface and subsurface particle size distribution data. The data should
be plotted up to get information on the median grain size (D50), D84, and to
compare the overall surface and subsurface particle size distribution within a
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given reach. The data will also be useful in identifying the relationship be-
tween sediment supply and transport capacity within a given reach (e.g., Q*).

Channel Pattern
Channel pattern refers to the configuration of a river as it would appear from
an airplane (Leopold et al., 1964).  River patterns represent an additional
mechanism of channel adjustment which is tied to channel gradient and cross
section.  The pattern itself affects reach-scale resistance to flow and is closely
related to the amount and character of the available sediment and to the
quantity and variability of the transport capacity (Leopold et al. 1964).

Aerial photography generally is used to determine large scale channel pat-
tern, and may record temporal changes at a location, although field observa-
tions may confirm interpretations.  A measure of channel pattern is channel
sinuosity, defined as the ratio of channel length to down-valley distance.
Channels may also be described as meandering, straight, braided, and so on.
This may best be estimated during the historic photo analysis.

Bank  and Riparian Conditions
Bank conditions observable in the field include assessment of bank erodibil-
ity, observations of the extent of active bank erosion, and estimation of the
proportion of the available shear stress transmitted to channel banks.  Bank
erodibility primarily reflects bank material composition (% fine or coarse
alluvium, colluvium, and bedrock), whereas active bank erosion is influenced
by both bank protection offered by roots or LWD and the recent history of
flows in the channel.  Channel geometry controls the distribution of stress
between the channel bed and banks.  These factors will help determine the
relationship between potential erodibility and how much stress the bank
receives.

It is important to note bank material, potential sources of bank reinforce-
ment, and current bank conditions when observing evidence of bank erosion.
For example, a bank composed of lacustrine deposits may be highly erodible,
but protected by LWD, and thus actual bank erosion may be minor.  A bank
composed of colluvium overlying bedrock, on the other hand, may not have a
high erosion potential, but if there is no bank protection, then concentration
of stress on the colluvial portion of the bank may cause slumping.  The ratio
of bankfull width to depth can help determine the distribution of shear stress
between the channel bed and banks during high discharge events.

Bank erosion is both a natural process and a disturbance indicator.  Evalua-
tion of the extent and location of bank erosion provides an indication of both
average flow conditions and evidence for recent disturbance.  Bank erosion
should be noted as occurring 1) in local areas along the channel where ob-
structions force flow into the channel banks; 2) on the outside of meander
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bends where flow is focused into the banks by the channel geometry; 3) inter-
mittently along channel banks independent of channel geometry; 4) exten-
sively along one side of the channel; and 5) continuously along both channel
banks.  These qualitative descriptions of bank erosion may be supplemented
with an estimate of the percent of the channel banks undergoing active ero-
sion.

Channel-margin landslides are an important bank erosion process contribut-
ing sediment to channels and they should be noted during field surveys.
Where such features are encountered their size and style of failure should be
described.  Many of these features are difficult to detect from aerial photo-
graphs and thus may elude detection in the mass wasting module. Prior and
during the field component of the channel assessment, the analyst should
consult with the mass wasting and surface erosion analyst to devise a way to
capture the appropriate data on channel-margin landslides.

The focus on bank erosion and bank and riparian conditions also begs two
more important questions the stream channel analyst can help answer in the
field:

1. What is the role of riparian vegetation in bank protection for a particular
segment?

2. And how is LWD recruited into the streamchannel network?

Field forms E-4 entitled "ACTIVE CHANNEL - Bank Erosion Factors
(BEF)" and "ACTIVE CHANNEL - Riparian Composition (RC) " give a
recommended format to gather data that helps answer the preceding ques-
tions. Bank erosion factors (e.g., % of bank eroding) and bank dimensions can
help quantify the amount of bank erosion occurring in the different segment
types and geomorphic units. Sources of bank protection can help identify
what the role of riparian vegetation and obstruction are, as well as how and
where they are working.

The Riparian composition field format asks the analyst to identify what the
active riparian recruitment processes (ARRP) are and where they change.
This information can be tabulated to identify where and how much of a seg-
ment recruits LWD due to bank cutting, log jams, etc. This information can
then be compared to riparian composition and bank erosion factors to identify
what may occur in the future.

Flood Plain Attributes
Flood plain attributes that should be examined in the field include entrench-
ment, overbank deposits of sediment and wood, the nature of terrace-forming



Version 4.0 E-46 November 1997

Watershed Analysis Appendices E�Stream Channel Assessment

materials, and out-of-channel evidence for extreme discharge events, or other
catastrophic events, such as debris flows or dam-break floods.

E n t r e n c h m e n t
Entrenchment is defined as the vertical containment of a channel and the
degree to which it is incised in the valley floor (Kellerhals et al., 1972).  En-
trenchment reflects the relationship between a channel, its valley, and sur-
rounding hillslope features.  Bank and valley bottom disturbance are the
most common causes of historic channel entrenchment.  Channel entrench-
ment is defined by the relation of the current channel flood plain, as defined
by the bankfull flow depth, and the topographic terrace associated with the
valley bottom.  The channel is not entrenched when these two features are at
least approximately coincident (Figure E-7).  Frequent floods would inundate
both the flood plain and terrace.  A moderately-entrenched channel has a
small active flood plain established within a larger trench cut by the channel.
The terrace level will be inundated during moderately frequent (i.e., 20-yr)
discharge events. An entrenched channel is one where a small active flood
plain is effectively isolated from the terrace level during even rare discharge
events.

The nature of the material forming the terrace is an important observation to
make for interpreting controls on channel entrenchment.  Terrace-forming
materials should be exposed at least locally along the channel banks in most
reaches.  While the active flood plain will be composed of alluvial material, it
is important to note whether the terrace-forming material is bedrock, collu-
vium, alluvium, or debris-flow deposits.  Alluvium and debris-flow deposits
often may be differentiated by examination of clast contacts in channel-bank
exposures.  Alluvium typically has a clast-supported sedimentary framework.
Imbrication, or interbedded layers of sand and gravel also imply an alluvial
origin.  Debris-flow deposits, on the other hand, typically have a matrix-
supported architecture in which large clasts �float� within a finer-grained
matrix.

Overbank deposits
A number of other flood plain features are indicative of recent disturbance.
In particular, the presence of wood berms on the channel margins, scour
damage to channel-margin vegetation, �trash lines� of debris deposited by
high flows, and levees or boulder berms are important to note and describe.
The approximate age and type (i.e., herbaceous, coniferous, or deciduous) of
channel-margin riparian vegetation is also important to note.

Overbank deposits can also help identify historic aggradation. Evidence of
flood plain development within larger terrace features normally indicates a
historic change in channel condition and sediment supply.  Cultural debris
exposed in channel banks provides an excellent control on the age of over-
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bank deposits.  Partially-buried trees provide further evidence of active
aggradation.

Field form E-4 entitled "FLOODPLAIN - Entrenchment" gives a format that
may be useful in collecting data on terrace materials, entrenchment, and
overbank deposits. Sketches or photographs of cross-sections can also be
extremely beneficial when trying to identify the relationship between the
terrace floodplain and active channel.

Indicators of catastrophic disturbance
Indicators of past catastrophic channel disturbance often are most clearly
expressed in flood plain deposits.  Floods, debris flows, and dam-break floods,
are the primary form of catastrophic channel disturbance in forested moun-
tain drainage basins.  They can be dominant and overriding factors to con-
sider when interpreting channel conditions.

Debris flows and dam-break floods are often lumped together in studies of
catastrophic stream events in the Pacific Northwest. These two processes,
however, have very different rheologies and they affect different parts of the
channel network in different ways.  It is recommended in watershed analysis
that an attempt be made to differentiate between these processes based on
field evidence in the mass wasting and channel modules.  If they cannot be
differentiated, then they are referred to as undifferentiated debris torrents.
Note that Pierson and Costa (1987) have recommended abandoning the term
debris torrent because it lacks specificity in describing the actual physical
process and introduces confusion.

Debris flows are mapped and inventoried as part of the mass wasting module.
Debris flows move through and typically erode colluvium stored in first- and
second-order channels, or those channels greater than approximately 8 to 10
degrees (Benda and Cundy, 1990).  Although debris flows typically do not
move long distances down channels studied in the channel module (because of
low gradients), debris flow deposits can profoundly effect morphology and
habitat of low gradient channels.  As a result, recognition of the effects of
historic debris flows on the morphology of low-gradient channels maybe
critical for appropriate channel interpretation.

Prior to and during the field component of the stream channel assessment,
the analyst should consult with the mass wasting analyst to determine if
there is a need to identify the historic lengths of debris flow run-out tracks.
Such information can be useful in synthesis to determine the direct impact of
debris flows.

Dam-break floods can occur when a landslide or debris flow deposit tempo-
rarily dams the valley floor.  When such a dam fails, the resultant flood wave
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Figure E-8.  Entrenchment Types
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often entrains large amounts of organic debris which can increase the magni-
tude of the flood with travel distance.  Dam-break floods can occur in much
lower-gradient channels than debris flows and they can affect channels that
are studied under the channel assessment module.  Refer to Coho and Burges
(1991) for a discussion of the characteristics of dam-break flood in low-order
mountain channels and Johnson (1991) for descriptions of the effects of dam-
break floods on channel and valley floor morphology.

Additional Observations or Measurements
Additional observations and measurements that relate to specific channel
processes or attributes important in the watershed under analysis are en-
couraged, but such additional analyses should supplement rather than sup-
plant the approach developed here.

Channel Diagnosis Indicators
Conditions of the stream bed, active channel, and flood plain of a stream
segment reflect the magnitude of input factors (sediment, discharge, LWD)
and the occurrence of catastrophic events (landslides or floods).  The manner
in which these input factors are processed by a stream are set to some degree
by valley characteristics.  Consequently channel conditions may be inter-
preted as indicators of the relative magnitude of input factors.

To date, there is no single quantitative model that can simultaneously and
reliably interpret channel condition relative to geomorphic regimes of sedi-
ment, water, and imposed obstructions.  There are, however, several methods
in use that employ channel characteristics as indicators of stream processes.
For example, Pfankuch�s (1975) channel stability index uses qualitative
observations of a variety of stream features to generate a numeric score for
channel �stability�, although stability is neither explicitly defined, nor inter-
preted relative to input factors.  Kaspesser�s RASI index uses particle size
characteristics to infer sediment load.  We feel that the search for a single
quantitative index that characterizes channel condition is misguided.

Streams are complex to diagnose because channel conditions simultaneously
reflect a variety of input factors that can be influenced by both natural and
land use related disturbance.  Furthermore, the impacts of past disturbance
may persist for different periods in adjacent portions of the channel network.
In the absence of universal quantitative indicators of channel condition, we
suggest a diagnostic technique that interprets the stream bed, active channel
and flood plain characteristics observed in the field to infer channel condition
in relation to channel and hillslope processes.  The selected characteristics
reflect channel-forming processes, and use quantitative relationships as much
as possible.  The primary assumption of this approach is that active processes
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leave a recognizable imprint on key channel features.  Even when other
processes are active, those characteristics may be evident when the signal is
strong enough, and when several processes are active the channel will have a
mixture of characteristics that indicate their relative dominance.  The diag-
nostic approach assumes that one indicator is rarely sufficient to determine
the input factor regime.  Therefore, our approach relies on examining a vari-
ety of features, whose collective condition suggest the relative relations be-
tween input factors, and which thus govern channel condition.  Moreover, by
using a variety of features, the analyst can separate, to the extent possible,
channel conditions relative to each input factor.

Thus, we rely on observing a number of features and look for the weight of
the evidence to interpret channel conditions with confidence.  These features
may be organized into channel bed, active channel, and flood plain attributes.
As the sediment supply changes relative to the transport capacity of the
segment, the composition of the bed surface adjusts.  Features of the channel
bed that can be interpreted relative to input factors are the bed surface par-
ticle size distribution, the relation between the median surface and subsur-
face grain sizes, the distribution of fine sediment on the bed surface, and
subsurface proportions of fine sediment.  Larger features that characterize
the active channel also reflect geomorphic regimes of the reach.  These fea-
tures include characteristics of depositional bars, fine sediment deposits, pool
dimensions and locations, and bank conditions. Finally, certain flood plain
characteristics may record or reflect past or continuing processes and distur-
bance.  The diagnostic characteristics discussed below, and shown in Tables
E-3-a through E-3-c, provide a minimum set of criteria for channel assess-
ment.  The approach developed here can be expanded to incorporate new or
additional diagnostic attributes as procedures for their analysis and interpre-
tation are developed and tested.

Tables E-3-a (Stream Bed Attributes and Diagnostics), E-3-b (Active
Channel Attributes and Diagnostics) and E-3-c (Floodplain Attributes
and Diagnostics) lists the attributes, mechanisms for change, qualitative
and quantitative interpretive indicators ("dial levels"), and the segment types
attributes are most applicable towards. The table, coupled with the proceed-
ing discussion, is meant to help the analyst assess and interpret the different
attributes which are measured or observed. The "dial level" is there to help
gauge what the attributes, and its observed or measured level, means in the
context of the assessment. Again, a weight of evidence approach should be
used, thus one dial level for one attribute does not determine whether a
channel is high in sediment supply relative to transport capacity. Instead,
several attributes together may point to a trend or direction a particular
channel is moving towards. Use these and other attributes to determine the
current channel conditions for the different segment types.
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Channel Bed Attributes
(See table E-3-a Stream Bed Attributes and Diagnostics) Channel bed
attributes are particularly revealing for interpreting the relative relation
between sediment supply and channel transport capacity.  The basis for these
interpretations is the assumption that the material on the channel bed sur-
face reflects hydraulic sorting of the bedload material to generate a stable
alluvial bed and that the amount of fine sediment in transport at low flow can
be interpreted from the amount and distribution of fine sediment on the
channel bed relative to the  distribution of hydraulically-sheltered locations.

Channel Type
The channel type defined by the channel bed morphology provides the context
for interpreting channel condition.  Different channel types have different
potential responses and evidence for previous impacts based on existing
conditions need to be interpreted in the context of the channel type.  Channel
bed morphologies and potential channel responses are discussed in more
detail by Montgomery and Buffington (1993).  In addition, different channel
types (i.e., bedrock v. pool-riffle with the same drainage area gradient) may
reflect changes in sediment regime that can be diagnostic (Benda, in prep.).

Median Grain Size
The median grain size on the channel bed reflects a number of influences
including discharge, sediment supply, and the hydraulic roughness provided
by flow obstructions.  An increase in basal shear stress causes winnowing
that results in bed-surface coarsening.  Increased sediment supply favors bed-
surface fining (Dietrich et al., 1989).  Limited sediment supply can also lead
to bed surface coarsening or bedrock channels.  Higher LWD loading provides
greater hydraulic roughness which favors bed-surface fining (Buffington and
Montgomery, 1992).  Lower LWD, in forced pool-riffle channels, can decrease
hydraulic roughness and result in bed surface coarsening. As noted in table
E-3-a hydraulic roughness and sediment supply v. transport capacity are the
two primary mechanisms which affect if a segment is coarser or finer than
expected.

Bed Surface Pattern
The spatial variability of grain sizes on the bed surface may reflect channel
morphology or interactions with in-channel flow obstructions.  For example,
sorting of gravel and boulders into pools and steps, respectively, in step-pool
channels is a natural consequence of hydraulic channel-forming processes.  In
contrast, the distribution of gravel-sized substrate on the bed surface in some
forced pool-riffle channels is controlled primarily by the distribution of large
woody debris.  Finer patches of the bed surface in any channel type may
reflect hydraulically-sheltered locations.  The spatial organization of grain
sizes on the channel bed surface can be used to help assess channel condition
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by considering the channel type and the role, or potential role, of flow ob-
structions.  In particular, the spatial distribution of grain sizes on the bed
surface has important implications for interpreting the availability of spawn-
ing gravel in some channel reaches.

Particle Size Distribution
Particle size distributions in most channels are approximately log normal.  A
bimodal surface or subsurface particle size distribution can indicate a high
amount of fine sediment in transport either during bed-mobilizing events in
the case of the subsurface distribution, or over the gravel bed between armor-
mobilizing events in the case of the surface distribution. Plotting up surface
and subsurface particle size distribution helps to determine whether there is
a strong or weak bimodal distribution.

q*   (�qstar�)
Surface textures of gravel-bedded rivers respond dynamically to changes in
sediment supply.  Bed surfaces fine when inundated with sediment and
coarsen when deprived of sediment.  Dietrich et al. (1989) proposed a dimen-
sionless ratio, q*, which quantifies textural response to sediment supply.  The
ratio is defined an the transport rate of the bed surface material normalized
by that of the load, or subsurface, and quantifies the transport capacity of a
channel relative to sediment supply.  The dimensionless ratio can be used to
assess both current sediment loading conditions and sensitivity to increased
sediment supplies.

One conceptually simple equation that expresses the bedload transport rate
(qs) as a function of the difference between the effective basal shear stress and
the critical shear stress is given by

qs = k (t� - tc)
1.5 eq. 1

where k is a constant, t� is the effective basal shear stress, and tc is the critical
shear stress for incipient motion, and thus the onset of sediment significant
bedload transport (Meyer-Peter and Müller, 1948).  The ratio of the transport
rate for the surface grain sizes and the subsurface, or bedload, grain sizes is
q*, which using this general bedload transport expression is given by

q* =  (t� -tcs )
1.5  /  (t� -tcss )

1.5 eq. 2

where t
cs
 and t

css
 are, respectively, the critical shear stress for the surface

armor and subsurface material.  The average basal shear stress may be
expressed as the product of fluid density (r), gravitational acceleration (g),
flow depth (D), and water surface slope (S):

t = rg D S eq. 3



Version 4.0 E-53 November 1997

Watershed Analysis Appendices E�Stream Channel Assessment

The fraction of the basal shear stress available for sediment transport, de-
fined as the effective boundary shear stress (t�), depends upon the amount of
in-channel roughness and energy dissipation.  The critical shear stress (tc)
represents the shear stress necessary to mobilize the median grain size (d

50
)

and is expressed as

t
c
 = t

*
 (r

s
 - r) g d

50
eq. 4

where rs is the sediment density and t*  is a dimensionless critical shear
stress (Shields, 1936), the value of which is controversial, but has recently
been estimated at 0.045 (Komar, 1987).  Assuming that grain roughness
provides the only in-channel roughness implies that t = t� and, thus, q* may
be expressed as

                              [r D S / t* (rs - r) d50ss ] -  (d50s / d50ss)

q*= { ___________________________________ }1.5 eq. 5

                                     [r D S / t
*
 (r

s
 - r) d
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 ] -  1

A well-armored bed has low q* values and is interpreted to have the capacity
to accommodate an incremental increase in sediment supply through bed
surface fining.  A poorly-armored channel with a high q*, on the other hand,
is vulnerable to other morphologic change in response to altered sediment
supply.  Channels that have a high q* will have a higher potential to aggrade
or lose pool area because the surface has little potential to fine in response to
increased sediment loading.  A low q* means a channel has a larger potential
to react to an increase in sediment load by textural fining.  Concurrent mor-
phological change may occur, however, and q* provides only an index of the
capacity for the bed surface to fine. Table E-3-a gives approximate q* levels
that correspond to the low and high value descriptions.

While q* is a useful assessment tool, we caution that it provides only a �snap-
shot� of current sediment loading conditions and care should be taken to
interpret q* measures within the context of the fluvial processes occurring in
the channel.  Analysis of q* made in isolation of other channel processes and
diagnostic features can lead to erroneous interpretations of sediment loading
(Buffington, in prep.).  Furthermore, since q* assumes that grain roughness
provides the dominant channel roughness, it is most applicable in obstruc-
tion-free sections of gravel-bedded channels (e.g., plane-bed channels or riffles
in pool-riffle channels).

% Fines in subsurface
The substrate underlying the surface armor of a channel is thought to be
representative of the bedload material transported by the channel (e.g.,
Parker et al., 1980).  Thus the percentage of fine sediment in the subsurface
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material reflects the supply of fine sediment to the channel.  The percentage
of fine sediment in the channel subsurface also is an important influence on
fish survival to emergence.  Preliminary data from subsurface pebble counts
in Washington suggests that values of 5 - 15% <2mm defines a typical range
in undisturbed basins (Montgomery, unpublished data).  The percentage of
fine sediment in the subsurface gravel estimated by a subsurface pebble
count is less accurate than if measured by techniques such as those recom-
mended by the NWIFC (1993).  Because subsurface pebble counts are not
expected to be as accurate, data collected in this manner is best interpreted
as distributions of values collected in different parts of a watershed.  This
may reveal areas of the watershed with consistently higher percentages of
subsurface fines.  Causal mechanisms may be explored when potential
sources of fine sediment are identified.

Table E-3-a summarizes the diagnostic attributes for channel bed features.
The analyst is encouraged to use additional diagnostic features they find to
be useful.

Active channel attributes
A number of active channel attributes reveal aspects of channel condition
through the distribution  and amount of gravel bars and fine sediment depos-
its, pool characteristics, channel pattern, and the nature and extent of bank
erosion. Most of these indicators involve comparison of existing channel con-
dition with those expected for the channel type.  Consequently, both experi-
ence and objectivity are crucial for interpreting channel conditions.  We be-
lieve, however, that consideration of the full suite of channel characteristics
examined in this module will lead to a reasonable assessment in most cases.

Gravel Bar Characteristics
Bars can best form where the channel is wide enough to accommodate them
(bankfull width/depth ratios greater than about 12; Jaeggi, 1984), and stream
gradient is low enough to allow deposition (less than about 2%; Ikeda, 1975).
In steeper and narrower channels, bars and small deposits tend to form exclu-
sively around obstructions.  Large central bars and braided channels com-
monly form where valley bottoms and channels widen downstream of steep
narrow valleys and canyons.  They may also form upstream of channel con-
strictions due to backwater effects of hydraulic control during storms
(Sullivan et al., 1987). Bars usually grow and shrink seasonally because of
local imbalances between deposition and erosion; but, other than in braided
channels, bars tend to keep the same location as long as channel boundaries
remain intact and obstructions in place (Leopold et al., 1964; Lisle, 1986).
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Table E-3-a.  Stream Bed Attributes and Diagnostics
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The size, stability and location of gravel bars can be an indication of changing
sediment supply or transport capacity. The presence of medial bars in a
channel or deposition occurring on the outside of a meander bend can be an
indicator of an increasing sediment supply and decreasing transport capacity
in a channel segment.  Channel narrowing and evidence for an increase in
stable bar features (such as vegetation encroachment) can be an indicator of a
low sediment supply relative to previous sediment loads.

Pool Characteristics
The pool spacing in some channel types in forested mountain drainage basins
is related to the supply of LWD within the bankfull channel.  The size and
residual depth of pools; also reflects the influence of LWD.  The magnitude of
these influences differ for different channel types.  The influence of LWD on
pool spacing is greatest in pool-riffle and plane-bed channels.  A pool spacing
on the order of 5-7 channel widths is expected in pool-riffle channels with low
LWD loading (Leopold et al., 1964); much higher pool spacing are expected in
low LWD loading plane-bed reaches.  Pool spacing on the order of 0.5 to 1.0
channel widths characterizes both of these channel types with high LWD
loading (Montgomery et al., in press).  At such high loading these channel
types may be impossible to distinguish except by channel slope (Montgomery
and Buffington, 1993), or by reference to nearby reaches with low LWD load-
ing.  Preliminary data implies that pool spacing in steeper step-pool channels
is related to LWD loading.  Imposition of simple numerical standards of pool
frequency on all channel types may be inappropriate.

Channel Pattern
Channel pattern to some degree reflects the interaction between sediment
supply and transport capacity (Leopold et al., 1964).  For example, a down-
stream change in channel pattern from meandering to braided may reflect an
extreme increase in sediment supply (e.g., Smith and Smith, 1984).  Down-
stream channel narrowing and an increase in stable, vegetated bar features
can be an indicator of a decrease in sediment supply or flood discharge.  Mul-
tiple active channels often indicate a high sediment supply. Significant
changes in channel sinuosity evident on sequential aerial photographs may
indicate change in sediment supply or transport capacity.

Channel braiding and side channel development also may be controlled by
flow perturbations induced by LWD.  Historical removal of LWD from some
large rivers, for example, changed the channel pattern from a complex
braided system of channels and side channels to a single thread channel
morphology (Sedell and Froggatt, 1984).  Consequently, channel pattern must
be interpreted in the context of channel processes, especially the complemen-
tary and potentially competing effects of sediment supply and LWD loading.
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Fine Sediment Deposits in Pools
The distribution of fine sediment on the channel bed can be interpreted in
regard to the fine sediment loading of lower-gradient pool-riffle and plane-bed
channels.  Fine sediment accumulations in local hydraulically-sheltered
locations typically do not reflect fine sediment supply.  Extensive fine sedi-
ment deposits in both pools and riffles, on the other hand, indicate an abun-
dance of fine sediment in all but extremely low-gradient channels.  While
description of the general distributions of fine sediment deposits within a
channel provides a good general indicator of fine sediment supply, the
amount and distribution within pools and riffles can be further interpreted
separately.

V*
Lisle and Hilton (1992) defined the average ratio of the volume of fines to the
residual pool volume for an entire pool as V*.  When fine sediment and re-
sidual pool depth are measured on transects, this may be expressed quantita-
tively as

V* = y [ D
s
 / (D

r
 + D

s
)] / n eq. 6

where n is the number of measurement locations, and Ds and Dr are, respec-
tively, the thickness of fine sediment and the residual pool depth at each
measurement location.  This index provides a measure of the most mobile
portion of the channel bed and helps evaluate and detect sediment inputs
along the channel on a local scale.

The index correlates with perceived sediment supply and varies in response
to local increases in sediment supply (Lisle and Hilton, 1992).  V* < 0.1 is
considered to reflect low sediment supply, whereas a V* > 0.2 is considered
indicative of high sediment supply (Lisle and Hilton, 1992).  Local sources of
fine sediment should be examined if a channel has a high V* prior to inter-
preting potential causes.  V* is not a reliable indicator of channel disturbance
if the local geology causes large spatial variance in sediment supply.  Al-
though it is not appropriate to use V* when the channel is  bedrock-floored, it
can still be used if there is limited bedrock exposure.  In massively aggraded
channels, V* is not an appropriate index of channel condition. V* is most
useful in pool-riffle and forced pool-riffle segment types.

Fine Sediment Deposits Within Riffles
The distribution of fine sediment on the channel bed may reflect the supply of
fine sediment to the channel.  In many gravel-bed channels, some sand-size
material moves over the channel bed at discharges insufficient to break the
gravel pavement, or armor, and initiate significant bedload transport (Jack-
son and Beschta, 1982).  Observation of the distribution of fine sediment over
the low-flow bed surface in a riffle thus provides an indication of the fine
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sediment supply of the channel.  At a low supply of fine sediment, sand and
fine gravel exposed on the bed surface occur only locally in sheltered locations
behind flow obstructions or large clasts.  As the amount of fine sediment
moving over the bed increases, these local depositional sites tend to expand
downstream into elongated sand stripes (Figure E-9).  At extremely high fine
sediment loading, the entire channel be may become buried by a blanket of
fine sediment overlying a coarser armor layer.  This style of channel response
to increased sediment supply is unlikely in steep step-pool or cascade chan-
nels that have a high transport capacity.  Thus, this type of response is most
relevant to lower-gradient pool-riffle and plane-bed channel.

Bank erosion
Bank erosion should be interpreted in the context of channel-forming pro-
cesses.  Erosion on the outside of meander bends, even large channel-margin
landslides, is to be expected in many situations.  Extensive erosion on both
channel banks, however, typically is uncommon, but is to be expected in some
situations, as in the case of a high-gradient channel deeply incised through
unconsolidated sediments.  The nature and extent of bank erosion must be
interpreted in the context of the channel geometry and patterns and the
nature of the bank-forming materials.  Increases in channel bed elevation,
occurrences of dam-break floods, and increases in discharge can all cause
bank erosion.

Table E-3-b summarizes the diagnostic attributes for active channel features.
The analysts are encouraged to use additional diagnostic features found
useful in the past.
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Figure E-9.  Pool Filling with Fine Sediment
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Table E-3b.  Active Channel Attributes and Diagnostics
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Flood plain Attributes
Interpreting flood plain conditions typically is more straightforward than
interpreting in-channel conditions.  Log berms, levees, and boulder deposits
generally indicate recent catastrophic impacts.  The age and condition of the
near-channel riparian vegetation can corroborate such interpretations.  Di-
rect evidence for aggradation also is relatively simple to interpret.

Channel entrenchment is somewhat more difficult to interpret because it
reflects different processes in different portions of a watershed.  In low-gradi-
ent portions of a watershed where terraces are formed primarily by fluvial
processes, the flood plain and terrace should be coincident (Figure E-8), un-
less there has been a relatively recent change in either one of the channel
input factors, or in external boundary conditions, such as base level.  In
steeper portions of a watershed in which debris-flow processes are active, the
stream terrace may be composed of debris-flow deposits through which the
channel has re-incised.  In these portions of the channel network entrench-
ment may not reflect recent channel disturbance.  Thus, evidence for channel
entrenchment must be interpreted in the context of the dominant channel-
forming processes for a given reach.

Table E-3-c summarizes the diagnostic attributes for flood plain features.
Again the analyst is encouraged to use additional diagnostic features found
useful in the past.
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Table E-3-c.  Floodplain Attributes and Diagnostics
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Channel Segment Diagnosis
The goal, of the channel segment diagnosis is to help the analyst identify
which processes and input factors are most important for a segment that was
visited.

Systematically diagnosing channel condition requires compiling key observa-
tions relative to the bed, active channel and flood plain into a summary of
characteristics related to relative channel condition.  Once the data is com-
plied and displayed, the analyst weighs the evidence for channel condition
relative to each of the input variables, noting both patterns and inconsisten-
cies.  For example, several attributes of both the bed and active channel
indicating a high supply of fine sediment, provide strong evidence. If only one
attribute suggests high sediment loads, the evidence may be weak, depending
on the nature of the feature showing symptoms.  Like a medical diagnosis,
the analyst must weigh the suite of characteristics, using data and profes-
sional judgment to arrive at an interpretation of channel condition.  We
expect the objectivity of this assessment to improve as researchers develop
more quantitative relationships between these diagnostic features and input
variables.  Furthermore, critical additional information is found in the other
modules, which can be used to help aid in the interpretation of channel condi-
tion.

Each of the input variables is operative in every stream segment and each
can currently experience any combination of levels of input variables.  Some
segments may have one dominant process which strongly influences channel
condition, whereas other channel segments may have several interacting
factors controlling channel morphology conditions.

A worksheet is provided offering a format for compiling this information
(Form E-5).  The analyst may use alternative forms for compiling the infor-
mation although the format should be followed reasonably closely.  The ana-
lyst should provide a brief  narrative describing channel condition interpreta-
tions.  The second page of the form encourages the analyst to bring results
from the historic photo assessment to bear on the channel interpretation.
This portion of the assessment may support conclusions based on current
channel features.

Sensitivity to Input Factors
Segment Clustering and Geomorphic Units
At this point in the assessment procedure, the channel network has been
divided into discrete valley segments, of which a representative sampling has
been observed in the field.  Channel characteristics of these representative
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stream segments have been interpreted with respect to local regimes of sedi-
ment, water and wood.  Results from what are usually a limited number of
observed segments must now be extrapolated to other segments. We term
this scaling up step �segment clustering� and the result is delineation of the
watershed into �geomorphic units,� areas encompassing portions of the chan-
nel network that are representative of similar fluvial processes.  Recognizing
the dominant channel-forming processes, and their magnitude, frequency,
and distribution, operating in each area with commensurate channel condi-
tions is the primary objective.

The goal for the stream channel analyst is to describe the clusters of seg-
ments that relate to a geomorphic unit. The basic assumption behind identi-
fying geomorphic units is that segments within the unit will look similar and
will respond similarly to external forcing (i.e. forest practices, urbanization,
grazing, climate change and so on).  The sensitivity of particular streams to
changes in watershed processes occurring as a result of natural or land use
effects is likely to reflect the relative importance of fluvial processes acting on
materials in the area.  The current condition and likely response of similar
segment types is likely to differ throughout the watershed depending on local
influences of terrain, geology, past disturbance and drainage position.

Geomorphic unit delineation uses assessment of both channel conditions and
sensitivity.  Channel conditions are considered in relation to the regime of
each input factor based on the integration of field observations into a channel
diagnosis.  Channel sensitivity is an assessment of the degree to which a unit
change in any input factor results in a significant change in channel morphol-
ogy or processes.  While channel sensitivity depends on current channel
conditions, it reflects the potential for future changes.

Stream channel conditions are likely to be related to the land form/geology
associations within the watershed.  These will, reflect, among other things,
lithology, soils, slope gradients, and hydrologic input.  The analyst may al-
ready have formed hypotheses associating channel conditions and sensitivity
with land form and geology in the watershed, having used these criteria for
field site selection (see criteria for site selection).  Field observations and
diagnostic characteristics may confirm original ideas or suggest new interpre-
tations.

The analyst defines boundaries separating stream segments into areas with
similar geomorphic response.  �Geomorphic units,� so defined include both the
stream segments and any landforms associated with them.  In drawing
these units, the channel analyst uses judgment and may wish to
consult with analysts performing mass wasting and surface erosion
assessments who should have developed an understanding of the
landforms in the watershed.  Although the geomorphic units are likely to
be related to landforms, their delineation is not restricted to this criteria.
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Analysts may identify any part of the stream system that they believe has
significantly different responses or sensitivities from other units in the water-
shed.

Clustering channels into geomorphic units composed of segments with similar
channel conditions, response potential and sensitivity provides a way to
organize information gathered in the channel assessment with information
gathered by other modules to describe causal linkages and appropriate land
management prescriptions.  Identification of geomorphic units so defined may
involve generalization and some segments that do not share the same re-
sponse or sensitivity may be incorporated into the same unit.  Such is the
price we pay for developing a functional method that is likely to facilitate
rather than paralyze the decision-making process.

Channel Sensitivity Interpretation
An understanding of the factors presently controlling and likely to influence
channel morphology and process is crucial to the synthesis side of watershed
analysis.  Consequently, analysts should describe for each geomorphic unit
channel conditions and interpretations of channel-forming processes.  Each
input factor should be considered. It is helpful to record  key observations for
each unit that form the basis for the analyst�s interpretations.  Form E-6 is
provided to facilitate note-taking.  These observations form the basis for the
sensitivity interpretation, which is a subjective assessment of likely response
to each input factor.  To determine channel sensitivity, the analyst should
consider the relative effectiveness of each input factor (LWD, sediment, dis-
charge, and catastrophic events) on channel morphology and processes.  The
analyst should provide a brief narrative providing the scientific basis and
justification for the interpretation of sensitivity, observations which back the
interpretation, and relative potential rating of channel response. The analyst
needs to consider the magnitude, frequency, and distribution of the processes
that effect each input factor when coming up with the potential ratings for
channel response. This will help link past to current channel conditions.

In essence, the analyst customizes the interpretation of response originally
based on the response matrix (Table E-2) for the particular watershed loca-
tion in question.  This step is crucial if the analyst is to develop an interpreta-
tion of channel processes tailored to the watershed under study.  Performing
this step relies on the analyst�s experience and expertise.  Although the gen-
eralized response table provides a good starting point for the assessment,
simply parroting its interpretations as conclusions of the analysis yields no
insight into the watershed under study since the table cannot account for
geologic materials and local situations.  Failure to adjust the response table
for the geomorphic unit in question will result in low confidence in the analy-
sis.
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The channel analyst�s response rating is a first approximation based on the
findings of the previous sections of the channel assessment.  These interpreta-
tions may be refined during the synthesis stage when additional information
regarding watershed processes is available from the other module assess-
ments.

Aggregating discrete channel segments into areas of similar watershed condi-
tions and response potential will also greatly facilitate the next steps of the
watershed analysis resource assessment.  During the synthesis stage, the full
resource assessment team further develops a watershed-scale perspective of
the linkages between sources of inputs, channel response and habitat or
water quality conditions that builds on existing working hypotheses devel-
oped earlier in the assessment.  They will systematically work their way
through the watershed, building a story of local and watershed scale connec-
tions based on their collective observations.  Performing this analysis for
segments grouped into larger representative areas will reveal dominant
watershed and biological processes operating at a scale appropriate for hy-
pothesis-testing and decision-making in Watershed analysis. To perform this
linking exercise for each mapped channel segment would be exceptionally
time-consuming and yield little interpretive benefit, since only rarely will the
cause and effect relationships between hillslope and channel processes or the
management actions prescribed for them be relevant to just one segment.

The geomorphic units are delineated on a mylar overlay of the official base
map and numbered as Map E-2.  The analyst should provide a brief narrative
describing the geomorphic unit and justification for why it was identified.

An Example From the Tolt River
The Tolt River WAU contains 166 segments.  After visiting 22 segments and
assessing them for channel and valley conditions, the stream channel team
determined that for the purpose of making generalized descriptions of chan-
nel condition and sensitivity, the 166 segments could be collapsed into 14
geomorphic units.  In this case, the channels in each area currently look alike,
although in several units channels were noted as either already responding to
input variables or potentially responsive.  (That is, they would look like those
streams already responding if changes in the input factor occurred.)  Each of
the units was judged sufficiently distinctive such that differences in both
channel-forming processes and sensitivity to input variables was evident.

Most geomorphic units were closely related to landforms in the watershed,
although the team identified a variety of units that did not always relate to a
land form.  Figure E-10 shows the geomorphic unit map for the Tolt River.
The channel assessment team adopted a convention of naming units descrip-
tively to reflect the dominant channel-forming processes that caused them to
distinguish them initially.  Some of the units represented tributary streams
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on similar landforms (e.g., steep tributaries draining convergent topography),
several related to specific river segments experiencing certain conditions (e.g.,
the North and South Fork braided sections) and two units of similar segment
clusters were distinguished because of the influence of beaver activity.

For the most part, geomorphic units and interpretations were judged to be
applicable only to the type location in the watershed and there was little
carryover of a mapped unit to other parts of the basin.  The exception was the
North Fork Braided Reaches located primarily on the North Fork of the Tolt,
where one similar unit was identified on a segment of the South Fork Tolt
River.

The sensitivity interpretation for the North Fork Braided Reaches demon-
strates the tailoring of the interpretations of channel-forming processes and
sensitivity to input variables based on the channel�s segment type, position in
landscape, and current condition.  Note that this interpretation would not
have been reached by using the response matrix (Table E-2) alone.

Fourteen geomorphic units were identified in the Tolt River WAU.  Segment
field observations were qualitatively matched to terrain and land forms to
identify areas of similar condition and response to input factors.  Following is
a brief description and the key observations produced by the team for a geo-
morphic unit along the valley of the main river.

North Fork of the Tolt River Canyon
Features:  This is a deep, tightly confined canyon incised into bedrock and
glacial till deposits.  Stream gradients average 2-6%, with a short segment of
approximately 10% which includes a waterfall that blocks upstream fish
passage.

Transport Zone
Characteristics:  There has been very little change in these segments
throughout the photographic record (1942-1990).

Coarse Sediment:  Response rating = LOW
� Stream energy appears to be sufficient to carry the sediment load (which

is relatively large considering the braided reaches upstream).

� q* = 0.13-0.16, highly armored

Fine Sediment:  Response rating = LOW
� High stream energy due to gradient/confinement, capable of flushing fines

� Very few fines observed
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� V*:  pools too deep to measure, estimated 0.1

� Localized area of higher V*, upstream end of Segment 4 at mouth of
tighter canyon

Peak Flows:  Response Rating = MODERATE
� Till valley walls can be eroded, channel could widen in places during high

flows

� relatively large substrate makes significant scour unlikely

� No evidence of existing damage, but moderate potential for damage in
future

LWD:  Response Rating = MODERATE
� Slight reduction in number of pieces per channel width

� Function as bank protection in alluvial/till segments, and some sediment
trapping

� Bedrock/compact till creates bank protection where present

Catastrophic Damage:  Response Rating = HIGH
� Dambreak floods could occur (evidence of jam that spanned channel in

upper end of Segment 6)

� Lower end of scour/transport gradient, but high stream energy due to
canyon 4th order stream.

Applies to: Segment 6 (field verified), and Segments 4, 7, 8, 9, 10.
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Figure E-10.  Tolt Watershed Geomorphic Unit Map
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Habitat-Forming Processes
The final task in the channel module is to describe the geomorphic processes
controlling channel morphology relevant to the creation of fish habitat.  Pre-
vious steps in the assessment yield conclusions regarding the sensitivity of
the channel to changes in hillslope input factors.  This portion of the assess-
ment assists in translating those effects into fish habitat conditions.  The
channel analyst does not attempt to inventory habitat conditions.  Rather,
the channel analyst describes the origins and channel controls on the envi-
ronments associated with key components of the life cycle of fish.

These life history stages include (1) upstream anadromous migration, (2)
spawning and incubation, (3) rearing, and (4) over-wintering.  The channel
analyst is not expected to interpret channel condition relative to each life-
history stage, rather the channel analyst interprets processes controlling key
habitat elements determined by the fish biologist to be important for one or
more life-history stage.  These attributes include; deep pools, undercut banks,
areal extent and size characteristics of gravel to small cobbles, pool charac-
teristics and the nature of pool-forming agents, and the availability and
access to slow water and off-channel areas.

The channel analyst�s interpretation of the factors controlling the local physi-
cal environment in a segment will assist the fisheries analyst to interpret the
vulnerability of fish to forest practices during the synthesis stage of the
resource assessment.  This procedure is enhanced when the channel analyst
works closely with the fish habitat analyst, particularly in the field portions
of the assessment.

The fish analyst may pose a more refined set of conditions for the channel
analyst to address.  The fish analyst may request a number of more specific
interpretations...for example, they may ask the channel analyst to focus
interpretation for stream segments, specific life-history environments rather
than all four, or habitat conditions specifically defined for a particular fish
species that may occur in the reach. This is why it is important for the fish
habitat and stream channel analyst to spend some time in the beginning of
the process to focus their efforts on the fish-habitat issues of concern. This
may be best accomplished by having a preliminary meeting or doing a recon-
naissance survey together. The advantages of this approach are several.
Field data collection would be focused on the important issues, and coordina-
tion between the fish and channel module analysts could make data collec-
tion more efficient. The issues identified by the analysts could then be inves-
tigated based on subsequent data collection.

The channel analyst briefly describes the geomorphic factors influencing the
four life-history environments in narrative form. If the fish analyst does not
provide guidance for focusing  discussion towards specific features in a given
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segment, the channel analyst describes the channel features for each of the
characteristics in a general way.

If there is significant uncertainty in this analysis, the channel analyst may
recommend further steps to reduce that uncertainty to a level acceptable to
both the fish and channel groups.

Channel Assessment Report
The Channel Assessment Report organizes and presents results of the chan-
nel assessment.  The report is a compilation of key work products, maps and
narrative summarizing interpretations.  Narrative may be on the order of
only several pages long and provide a concise discussion summarizing results
of each section of the analysis module.  While the Channel Assessment Re-
port should be concise, it should be complete enough so that, together with
the other module products, it provides the input necessary for the synthesis
and prescription phases of Watershed analysis where the information devel-
oped in the analysis modules is incorporated into land use decision making.

Realistically, there will not always be the type of data or information avail-
able that the analyst would desire for high confidence in the analyses and
interpretations.  Assessment of the confidence level possible based on avail-
able information thus may be important for decision-making based on these
analyses.  The degree of confidence that can be assigned to the products of
this analysis depends upon a number of factors.  Considering the amount,
type, and quality of available information, analysts should determine their
relative confidence in the interpretation based on each work product.  Other
factors to consider in this evaluation may include, but are not limited to,
extent of field work, experience of the analyst, complexity of the geology and
terrain, aerial photographs and map quality, and multiple lines of evidence
for inferred changes.

Where a Level 2 team chooses not to use the recommended forms, they must
follow the stream channel assessment outline (see below).  Additional meth-
ods employed need to be fully explained and justified in the channel assess-
ment report.
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Channel Condition Assessment Report

I. Title page with name of watershed analysis, name of module,
level of analysis, signature of qualified analyst(s), and date

II. Table of contents

III. M a p s
� Channel-response segment map (map E-1)
� Geomorphic unit map (map E-2)

IV. Summary Data
� Distribution of segments worksheet (form E-1)
� Basic trend information - channel disturbance worksheet (form E-2)
� Field site selection worksheet (form E-3)
� Channel assessment field forms (forms E-4)or equivalent
� Channel segment summary sheet (form E-5)
� Geomorphic unit description and sensitivity justification (form E-6)

V. Summary Text
� Watershed overview; network-wide influences
� Historic trends in channel changes
� Summary of current channel conditions and justification for inter-

pretation
� Description of geomorphic map units (GMUs) and justification for

interpretation
� Discussion of habitat-forming processes
� Study methods
� Descriptions of any deviations from the standard methods and why

the changes were necessary
� Recommendations for Level 2 (at Level 1 only)
� Statement of the author�s confidence level in the analysis and re-

sults
� Does module report address all critical questions?

VI. Other Information (optional)
� Monitoring strategies and design and implementation suggestions
� Learning resources (a.k.a., references, bibliography) section
� Acknowledgments section

All module work products should be archived for use during the Synthesis of
this assessment and in future years.
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Table E-4.  Channel Assessment Task Checklist

Below is the channel assessment checklist, which helps guide the channel
analyst through the watershed analysis.
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Summary
The channel assessment module is intended to organize collection and presen-
tation of the information necessary to make informed decisions about poten-
tial watershed management impacts on stream channels.  The module relies
on trained specialists to conduct and interpret analyses in order to provide
effective information.  The general approach is oriented around answering
questions critical for developing a sufficient understanding of watershed
processes to allow decision makers to weigh the benefits and potential risks of
land management activity and to develop effective management prescriptions
to avoid adverse impacts, enhance resource conditions and values, and accel-
erate recovery from past disturbance.  The underlying philosophy is that only
through incorporation of high quality information into the decision-making
process can potential adversaries agree on a common decision-making frame-
work.  Recognition of when, where, and how to undertake more detailed
analyses necessary to adequately understand watershed processes is a crucial
component of Watershed analysis that must not be constrained prior to con-
ducting the standard analysis.
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Form E-1.  Channel Segment Identification Worksheet
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Form E-2.  Channel Disturbance Worksheet
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Form E-3.  Field Site Selection Worksheet
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